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Abstract 

Although genetic factors may contribute to initial liability for ADHD onset, there is growing 

evidence of the potential importance of the rearing environment on the developmental course 

of ADHD symptomatology. However, associations between family-level variables (maternal 

hostility, maternal depressive symptoms) and child behaviors (developmental course of 

ADHD and aggression) may be explained by genes that are shared by biologically related 

parents and children. Furthermore, ADHD symptoms and aggression commonly co-occur: it 

is important to consider both simultaneously to have a better understanding of processes 

underlying the developmental course of ADHD and aggression. To addresses these issues, we 

employed a longitudinal genetically sensitive parent-offspring adoption design. Analyses 

were conducted using Cohort I (n = 340) of the Early Growth and Development Study with 

cross-validation analyses conducted with Cohort II (n = 178). Adoptive mother hostility, but 

not depression, was associated with later child ADHD symptoms and aggression. Mothers 

and their adopted children were genetically unrelated, removing passive rGE as a possible 

explanation. Early child impulsivity/activation was associated with later ADHD symptoms 

and aggression. Child impulsivity/activation was also associated with maternal hostility, with 

some evidence for evocative gene-environment correlation processes on adoptive mother 

depressive symptoms. This study provides novel insights into family-based environmental 

influences on child ADHD and aggression symptoms, independent of shared parental genetic 

factors, implications of which are further explicated in the discussion. 

Keywords: aggression, ADHD symptoms, maternal depression, maternal hostility, gene-

environment correlation. 
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Examining the Role of Genetic Risk and Longitudinal Transmission Processes Underlying 

Maternal Parenting and Psychopathology and Children’s ADHD Symptoms and Aggression: 

Utilizing the Advantages of a Prospective Adoption Design 

 

Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder 

characterized by symptoms of hyperactivity, impulsivity, and inattention (American 

Psychological Association, 2013; Polanczyk et al., 2014) that, like autism spectrum disorder, 

typically onsets early in development. There is substantial evidence that ADHD, like other 

psychiatric disorders, is familial, with children of adults with ADHD at increased risk of 

developing ADHD themselves (Biederman et al., 1995; Faraone et al., 2000; Stergiakouli & 

Thapar, 2010). Twin studies show high heritability estimates of around 70 – 90% (Thapar et 

al., 2013; Thapar et al., 2012; Stergiakouli & Thapar, 2010), with adoption studies also 

evidencing genetic contributions to ADHD (see Thapar et al., 2013). The influence of non-

inherited factors is also important, and although genetic factors may contribute to liability for 

initial ADHD onset, there is growing evidence of the potential importance of the rearing 

environment on the developmental course of ADHD symptomatology. However, a number of 

issues remain unaddressed: First associations between family level variables (e.g., maternal 

hostility; maternal depressive symptoms) and child outcomes may be explained by genes that 

are shared by biologically related parents and children. Thus it is necessary to examine 

associations between these family level variables and child outcomes using designs where 

parents and children are not genetically related. Second, family level variables have been 

associated with both child ADHD symptom course and child aggression. Given that ADHD 

symptoms and aggression commonly co-occur, it is important to consider both 

simultaneously to have a better understanding of the role family level variables (hostile 

maternal parenting and depressive symptoms) for the developmental course of both 
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aggression and ADHD. Third, the specificity of early child characteristics (e.g., impulsivity) 

on child outcomes is unclear. Fourth, there is relatively limited examination of potential child 

effects of early child liability for ADHD on parent mental health, particularly parental 

depressive symptoms. The present study addresses these knowledge gaps, thus further 

developing understanding of genetic and environmental processes for the co-development of 

ADHD and aggression (see Figure 1 for a conceptual model). 

The contribution of the rearing environment to ADHD developmental course: maternal 

hostility and depression 

Although observational studies find that parenting behaviors, including parental 

hostility, are associated with child ADHD symptoms (Choenni et al., 2018; Johnston & 

Mash, 2001; Harold et al., 2013; Ullsperger, Nigg, & Nikolas, 2016; Barkley et al., 1991; 

Lange et al., 2005; Lifford et al., 2008), these designs do not include the contribution of 

genetic factors shared by parent and child. Whilst hostile parenting may be associated with 

ADHD symptom course, the association between maternal hostility and child ADHD 

symptoms may be accounted for by genetic factors (Lifford et al., 2009; Harold et al, 2013; 

see also section on gene-environment correlation). The co-occurrence of genetic and 

environment contributions transmitted intergenerationally from parent to child are important 

to disentangle, if we are to better understand what family factors impact on the 

developmental course of ADHD. 

Parental depression is a second well-established environmental risk factor for the 

development of psychopathology in children (Natsuaki et al., 2014), and has been associated 

with child ADHD symptoms (Shaw et al., 2005 ; Cheung et al., 2018; Nigg & Hinshaw, 

1998). A number of mechanisms are thought to be involved in the association between 

parental depression and psychopathology, including disruptions in the parent child 

relationship (Lovejoy et al., 2000). Interestingly, recent studies show a strong genetic overlap 
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between ADHD and depression (Demontis et al., 2019). Therefore, it is important to examine 

the associations using a genetically informative design.  

Early temperament: an early manifestation of ADHD 

Despite interest in the conceptual and empirical overlap between early temperamental 

dimensions and risk for subsequent ADHD (Nigg et al., 2004; Nigg, 2006), few studies have 

utilized longitudinal data to establish prospective associations (Foley et al., 2008; Martel, 

Nigg, & Von Eye, 2009). However, evidence is now emerging to suggest that specific early 

temperamental dimensions, including impulsivity, are associated with increased risk for later 

ADHD symptoms (Willoughby et al., 2017 et al., 2017; Miller et al., 2019; Harold et al, 

2013; Frick et al 2019). Current frameworks consider impulsivity to be a multi-dimensional 

construct with several distinct dimensions, including activation difficulties such as behavioral 

inhibition, drive (sense of urgency, lack of planning, lack of persistence or perseverance), and 

sensation seeking (see Bezdjian, Baker, & Tuvblad, 2011; García-Forero et al., 2009; 

Congdon & Cani, 2005; Nigg et al., 2004). Therefore, we considered a measure of 

impulsivity/activation that encompassed these dimensions of impulsivity (behavioral 

inhibition, drive, fun seeking) and that are consistent with risk for later ADHD 

symptomatology (Harold et al., 2013; Congdon & Cani, 2005), and conceptualized this 

temperament dimension as an early liability factor for ADHD (Frick et al., 2019; Willoughby 

et al., 2017). Past evidence suggests early impulsivity in children evokes parental hostility 

(Harold et al., 2013). Building on this evidence, we include this measure in the present study, 

in addition to ADHD symptoms, aggression and family-level variables (see section ‘child 

effects on parents’). 

Aggressive Behavior often Co-occurs with ADHD 

Aggressive behaviors are relatively common among children (Hendriks et al., 2018; 

Bartels et al., 2018). Twin studies suggest aggressive behaviors are moderately heritable, with 
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hertiability estimates of around 40-60%  (Eley et al., 1999; Eley et al., 2003; Gelhorn et al., 

2005; Mason & Frick, 1994; Vierikko et al., 2003). In addition, rearing environments are 

recognized as important for the development of aggression. Both maternal depression and 

maternal hostility have been associated with child disruptive behaviors such as aggression, 

conduct problems, and oppositional defiant behaviors (Pilowsky et al., 2006; Sellers et al., 

2014; Stover et al., 2012). However, any association between parent hostility or depression 

with child aggression could also be due in part to shared genes (e.g., Klahr et al., 2014; 

Silberg et al., 2010; see section on ‘gene-environment correlation’). 

Comorbid psychopathology in children is common and thought to be the rule rather 

than the exception (Caron & Rutter, 1991; Angold et al., 1999). ADHD and aggression 

commonly co-occur (Bartels et al., 2018; Biederman et al., 1996; Thapar et al., 2001). 

Comorbidity between ADHD and aggression may result, at least in part, from heritable 

mechanisms (Seroczynski et al., 1999;  Nadder et al., 1998; Nadder et al., 2002; Thapar, et 

al., 2001), with most externalizing problems also demonstrating substantial shared 

environmental influences (Burt, 2009; Nikolas & Burt, 2010; Burt et al., 2001).  Early 

impulsivity may thus predispose children to a broad range of  psychopathology (Beauchaine 

et al., 2010; García-Forero et al., 2009; Bezdjian et al., 2011; Perry et al., 2018), but the 

specificity of risk to specific outcomes such as ADHD and aggression is unclear.  

Furthermore, both maternal depression and maternal hostility have been associated 

with child disruptive behaviors such as aggression and with symptoms of ADHD. Therefore, 

any association between parent hostility or depressive symptoms and child aggression could 

be due to co-occurring ADHD symptoms (and vice versa) in the offspring. A recent study of 

biologically related parents and children suggested that negative parenting was no longer 

associated with child symptoms of ADHD after adjusting for co-occurring externalizing 

symptoms and earlier symptoms of ADHD (Choenni et al., 2018). Also, while parenting 
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programs are an effective intervention for conduct problems (Scott & Gardner, 2015), and are 

helpful for improving parenting, there is no clear evidence of benefits to core ADHD 

symptoms (Daley et al, 2018). Early measures of child impulsivity have been evidenced to 

also play a role in the development of aggression, with lack of impulse control being 

associated with later aggression (see Bezdjian et al., 2011).  Thus, it is important to examine 

whether specific family factors (e.g., maternal depressive symptoms, hostile parenting) and 

child characteristics (early impulsivity/activation) have effects on child ADHD symptom 

course and aggression, partialing out the effects of co-occurring symptomatology. This would 

provide a deeper understanding of factors that moderate and mediate liability to ADHD and 

comorbid psychopathology that is sorely needed (Martel et al., 2009). 

Child Effects on Parents: Considering Early Temperament on Maternal Parenting & 

Depressive Symptoms 

Children are also known to have effects on parents: recent twin and adoption studies 

suggest that early temperamental dimensions associated with risk for later ADHD symptoms 

(e.g., child impulsivity/activation) may evoke hostile parenting (Harold et al., 2013). 

However, the effects of child impulsivity on maternal depression have rarely been examined 

(Cheung et al., 2018), despite evidence suggesting that child ADHD and impulsivity are 

associated with parental distress and increases in parent psychopathology, including 

depression (Johnston & Mash, 2001; Deault 2010; Nigg & Hinshaw, 1998). Whilst it is 

increasingly recognized that children's psychopathology might impact maternal depression 

symptoms (Allen et al., 2010; Kouros & Garber, 2010; Nicholson et al., 2011; Sellers et al., 

2016), there has been relatively limited examination that begins earlier; that is, the role of 

child impulsivity on maternal depression symptoms. One study of children in middle 

childhood provides evidence of bidirectional processes, but shows that the effects of maternal 

depressive symptoms on child hyperactivity tend to be stronger than the effects of child 
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hyperactivity on maternal depression (Elgar et al., 2003). However, that study did not take 

into account parent-child genetic sharing (see next section). Therefore, more research is 

needed to examine the impact of early child indicators of risk for ADHD (e.g., impulsivity) 

on maternal depressive symptoms, in addition to effects on parenting processes such as 

maternal hostility (Harold et al., 2013; Miller et al., 2019).  

Gene-Environment Correlation (rGE) 

The majority of research examining the influences of family processes and child 

outcomes has typically been conducted with biologically related mothers and children. This 

makes it difficult to disentangle whether associations between family factors (e.g., parenting, 

parent depression) and child outcomes (e.g., ADHD symptoms, aggression) are due to 

environmental or shared genetic effects (Plomin et al., 1977). Three rGE processes have been 

described in the literature, with passive rGE and evocative rGE being the two most 

frequently examined. Passive rGE is indicated when parents’ genes (which are shared with 

their offspring) are correlated with the environment they provide, and therefore confound the 

association between family and child level variables (Plomin et al., 1977; Scarr & 

McCartney, 1983). Evocative rGE occurs when genetically influenced characteristics in a 

child evoke particular responses from others (Plomin et al., 1977). Evocative rGE effects 

have primarily been examined in the context of child disruptive behaviors, highlighting the 

importance of child disruptive behaviors evoking parent hostility (Elam et al., 2014; 

Neiderhiser et al., 2013; Riggins-Caspers et al., 2003; O’Connor et al., 1998), with some 

evidence of early child impulsivity evoking parent hostility, consistent with evocative rGE 

(Harold et al., 2013). There is less examination of evocative rGE processes of early child 

behavior on parent mental health. One recent study examined effects of infant negative affect 

on maternal anxiety, suggesting that increases in infant negative affect predicted more 

anxiety symptoms in adoptive parents (Brooker et al., 2015). More research is needed to 
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examine evocative rGE processes of early child characteristics (specifically, 

impulsivity/activation) on maternal depressive symptoms.  

To our knowledge, one study has used a longitudinal parent-offspring adoption design 

to disentangle genetic and environmental factors that may explain the association between 

parent ADHD, parenting practices, and child ADHD symptom course (Harold et al., 2013). 

This study, using Cohort I data from the Early Growth and Development Study (EGDS; Leve 

et al., 2019), found an association between adoptive mother hostility and child ADHD 

symptoms at age 6 years. The study also found evidence of evocative rGE, whereby 

biological mother ADHD symptoms, an index of inherited risk, had an indirect effect on 

adoptive mother hostility via child impulsivity/activation. However, this study did not include 

a measure of child aggression, which has been associated with both adverse parenting and 

ADHD symptoms. Furthermore, this study also did not examine the associations with 

maternal depressive symptoms, which have been associated with both hostile parenting and 

increased risk for child psychopathology (Harold et al., 2013; Lovejoy et al., 2000; Natsuaki, 

et al., 2014; Pemberton, et al., 2010). We therefore aimed to build on the findings from 

Harold and colleagues (2013), examining processes for both child ADHD symptom course 

and aggression, and including the role of maternal depressive symptoms and adding a second 

cohort of adoptive families as a replication test.  

A number of questions remain to be addressed: First, is there an association between 

family level variables (maternal hostility; maternal depressive symptoms) and child outcomes 

(developmental course of ADHD and aggression) in children who are not genetically related 

(i.e., associations cannot be explained by shared genes) after taking into account the co-

occurrence of ADHD symptoms and aggression? Given that family level variables have been 

associated with both child ADHD symptom course and child aggression, and that ADHD 

symptoms and aggression commonly co-occur, it is important to consider both 
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simultaneously to have a better understanding of the role of hostile maternal parenting and 

depressive symptoms for the developmental course of both aggression and ADHD. Second, is 

early child impulsivity/activation associated with later child ADHD symptoms and 

aggression? Currently the specificity of early child temperament (e.g., impulsivity) on child 

outcomes is unclear. Third, does child early impulsivity/activation evoke maternal hostility 

and maternal depressive symptoms? Early child impulsivity/activation may affect both 

maternal hostility and maternal depressive symptoms (i.e., child effects on parents) but there 

is relatively limited examination of early child impulsivity/activation on these family 

processes, particularly examining potential evocative effects on maternal depression. The 

present study addresses these three research questions, thus further developing understanding 

of genetic and environmental processes for the co-development of ADHD and aggression. 

The Present Study 

The present study examined the interplay between genetic susceptibility and 

environmental processes (specifically, hostile maternal parenting and maternal depressive 

symptoms) in the developmental course of ADHD symptoms and aggression in middle 

childhood. We employed a longitudinal genetically sensitive parent-offspring adoption design 

(Leve et al., 2019). As part of the study design, children were not biologically related to their 

adoptive parents, thus removing the potential confound of passive rGE.  The study included 

assessments of birth parent characteristics, allowing the examination of heritable risk, and 

considered whether genetic risk for ADHD (measured in the birth mother) was associated 

with early child impulsivity/activation. Furthermore, we were able to estimate evocative rGE 

(genetically influenced child characteristics) on specific family-level variables (specifically 

maternal hostility and depressive symptoms). Given concerns in the field regarding 

replicability of scientific findings (Conger et al., 1995; Lykken, 1968; Weisz, 1978), we also 
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employed a cross-validation approach by examining these associations separately in two 

cohorts from EGDS (Cohorts I and II).  

Specifically, we examined associations between genetically influenced (via birth 

mother symptoms of ADHD) early child impulsivity/activation on both maternal hostility and 

depressive symptoms (i.e., evocative rGE) as pathways associated with child ADHD 

symptom course and aggression (see Figure 1). We hypothesized that: (1) maternal hostility 

and maternal depressive symptoms would be associated with both child ADHD symptoms 

and child aggression after taking into consideration the co-occurrence of ADHD symptoms 

and aggression; (2) early child impulsivity/activation would be associated with later child 

ADHD symptoms and aggression; (3) early child impulsivity/activation would evoke 

maternal hostility and maternal depressive symptoms. We utilized a cross-rater approach to 

reduce the potential risk for shared method variance: adoptive mothers reported on their 

parenting and depressive symptoms, and fathers reported on child ADHD and aggression 

symptoms. We then sought to replicate the Cohort I model with Cohort II data. 

Methods 

Participants and Study Design 

Participants were a subsample (n = 340) of 361 linked sets of adopted children, 

adoptive mothers and fathers, and biological mothers from Cohort I of the Early Growth and 

Development Study (EGDS), a longitudinal, multisite study of children adopted at birth 

(Leve et al., 2019). This subsample included all mother–father families who had data on at 

least one of the measures used in the present analyses. Cross-cohort validation analyses were 

conducted using a subsample (n = 178) of 200 linked sets of adopted children, adoptive 

mothers and fathers, and biological mothers from Cohort II of the EGDS study.  

Participants were representative of the adoptive parent and birth parent populations 

that completed adoption plans at the participating agencies during the same time period. The 
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EGDS sample was recruited between January 2003 and January 2010 in the United States 

across four recruitment sites (Mid-Atlantic, West/Southwest, Mid-West, and Pacific 

Northwest). Adoption agencies (N = 45 across 15 states) reflected the range of adoption 

agencies (e.g., private, public, religious, secular, and those with more open or more closed 

adoption philosophies). The median child age at adoption placement was 2 days (M = 6.2, SD 

= 12.45; range = 0 – 91 days). The majority of the children were male (Cohort I: 57.3%; 

Cohort II: 57.0%). The mean age of birth mothers at the time of childbirth was 24.4 years 

(Cohort I M = 24.1, SD = 5.9; Cohort II M = 24.8, SD = 6.3), and for birth fathers was 26.1 

years (Cohort I M = 25.4, SD = 7.2; Cohort II M =27.0, SD = 8.5). The majority of birth 

parents were Caucasian (Cohort I birth mother = 71.1%, birth father = 74.6%; Cohort II birth 

mother = 68.4%, birth father = 62.7%), followed by African-American (Cohort I birth mother 

= 11.4%; birth father 8.7%; Cohort II birth mother = 16.8% birth father = 9.6%) and 

Hispanic/ Latino (Cohort I birth mother = 6.7%; birth father = 8.7%; Cohort II birth mother = 

6.6% birth father = 9.6%) and multi-ethnic (Cohort I birth mother = 5.0%; birth father = 

4.8%; Cohort II birth mother = 4.6% birth father = 4.8%), with the remaining sample reported 

as ‘other’ (see Leve et al., 2019 for further details). Birth parents typically had high school 

education (Cohort I birth mother = 41.7%, birth father = 41.5%; Cohort II birth mother = 

40.2%, birth father = 49.3%), and a median household income of less than $25,000 (Cohort I 

= <$15,000; Cohort II = $15,000-$25,000). Adoptive parents within both cohorts were 

typically college educated, middle to upper class families. At the birth of the child, adoptive 

parents age in Cohort I was 38.1 years (parent 1 M = 37.8, SD = 5.5; parent 2 M = 38.4, SD = 

5.6), and in Cohort II was 37.5 years (parent 1 M = 36.8, SD = 5.7; parent 2 M = 38.1, SD = 

5.9). The majority of adoptive parents reported their ethnicity as Caucasian (Cohort I = 

90.8%; Cohort II = 91.6%). Cohort differences were examined across demographics (see 

Leve et al., 2019), with negligible differences identified. Data in the current study were 
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collected by home visit assessments, telephone interviews, and online questionnaires. Further 

details about the study design and sample description have been previously described (Leve 

et al., 2019).  

Measures 

An index of birth mother ADHD symptoms. In Cohorts I and II, birth mother ADHD 

symptoms were assessed using both the Adult Temperament Questionnaire (ATQ) at 18 

months postpartum (Rothbart, Ahadi, & Evans, 2000) and the Barkley’s Adult ADHD scale 

at age 4.5 years postpartum (Murphy & Adler, 2004). The 5-item attention control subscale 

of the ATQ was used. Birth mothers reported on a 7-point scale ranging from ‘extremely 

untrue’ to ‘extremely true’ with higher scores indicating more symptoms of attentional 

control issues. The internal consistency estimate for the ATQ was good (Cohort I α = .75; 

Cohort II α = .74). Barkley’s Adult ADHD scale assessed impulsive, hyperactive, and 

inattentive behavior during the past 12 months. Mothers reported on a 4-point scale ranging 

from ‘never’ to ‘very often’, with higher scores indicating greater hyperactive or inattentive 

behavior. Internal consistency estimates were good (Cohort I α = .90; Cohort II α = .88). The 

attention control subscale of the ATQ and the Barkley’s Adult ADHD scale were found to be 

moderately correlated (Cohort I r = .48; Cohort II r = .43). The scales were standardized and 

summed into a single measure of mother ADHD symptoms (see Harold et al., 2013 for 

further details of the measure). Internal consistency for the combined measure was good 

(Cohort I α = .88; Cohort II α = .80). 

Adoptive mother depressive symptoms. In Cohort I, adoptive mother depressive 

symptoms were assessed using Beck Depression Inventory (Beck et al., 1979) at child age 4.5 

years (α = .71). Depressive symptoms were calculated as the sum of 20 of the 21 items 

(suicidal ideation item not administered to minimize situations where clinical follow-up 

would be needed). In Cohort II, adoptive mother depressive symptoms were assessed using 
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the Center for Epidemiologic Studies Depression Scale (CES-D) at age 4.5 years (Radloff, 

1977). Depressive symptoms were calculated as the sum of 20 items (α = .86). Adoptive 

mother depressive symptoms were standardized within cohort prior to analyses to allow 

comparisons across Cohorts I and II. 

Adoptive mother-to-child hostility. In Cohorts I and II, hostility towards the child was 

assessed using adoptive mothers’ self-reports of the Iowa Family Interaction Rating Scales 

(Melby et al., 1993) at child age 4.5 years. Adoptive mothers reported on their own hostile 

behaviors towards their child on a 5-item, 7-point scale ranging from ‘never’ to ‘always’, 

with higher scores indicative of higher hostility (Cohort I α = .78; Cohort II α = .75). 

Child impulsivity/activation. In Cohort I, child impulsivity/activation was assessed 

using the adoptive mother report of the Children’s Behavior Questionnaire, CBQ (Rothbart et 

al., 2001) and adoptive mother reports of the Behavioral Inhibition Scale/Behavioral 

Activation Scale, BAS (Blair et al., 2004) at age 4.5 years, as used in Harold et al., 2013 (see 

Harold et al., 2013 for further details of this measure). The CBQ included a 13-item 

impulsivity subscale where mothers reported on a range of child reactions in various 

scenarios over the past six months on a 7-point scale ranging from ‘extremely untrue’ to 

‘extremely true.’ Internal consistency estimates were good (α = .78). Mothers also reported 

on three subscales of the BAS to assess child drive, reward responsiveness, and fun seeking. 

Responses to items are on a 7-point scale ranging from ‘extremely untrue’ to ‘extremely 

true.’ Internal consistency estimates for the three scales were good (drive α = .81, reward 

responsiveness α = .71, fun seeking α = .70). The CBQ impulsivity subscale was significantly 

correlate with the three BAS subscales (r = .29–.66). The scales were standardized and 

summed into a single measure representing child impulsivity and activation (see Harold et al., 

2013) which had good internal consistency (α = .87). To assess impulsivity/activation in 

Cohort II the BAS was also used in conjunction with the CBQ-Short Form (Putnam & 
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Rothbart, 2006), administered at age 4.5 years. Impulsivity items were selected from the short 

version of the CBQ (internal consistency estimates were good, α = .68). Mothers also 

reported on three subscales of the BAS (drive α = .73, reward responsiveness α = .61, fun 

seeking α = .72). The CBQ impulsivity subscale was significantly correlated with the three 

BAS subscales (r = .26 -.48). The scales were standardized and summed into a single 

measure representing child impulsivity/activation. 

Child ADHD symptoms. In Cohorts I and II, child ADHD symptoms were assessed 

using adoptive father reports on the Conner’s Abbreviated Parent Questionnaire, a 10-item 

scale regarding hyperactivity and inattentive behaviors (Conners, 1997) at child age 6 years. 

Father’s reported on a 4-point scale ranging from ‘not at all’ to ‘very much’. Higher scores 

indicated greater hyperactivity and inattentiveness (Cohort I α = .89; Cohort II α = .90).  

Child aggression was measured at age 6 years using adoptive father reports on the 

aggression subscale of the Child Behavior Checklist, using a 3-point scale ranging from ‘not 

true to ‘very true’ (Achenbach & Rescorla, 2001). Cohort I used the version for children aged 

1 ½ year to 5 years, and Cohort II used the version for children aged 6-18 years. Higher 

scores indicated greater levels of aggression (Cohort I α = .93; Cohort II α = .89). In each 

cohort, scores were converted into age-standardized T-scores (M = 50; SD = 10) to allow 

comparability across cohorts. 

Covariates: To control for any similarities between birth and adoptive families 

resulting from adoption openness (e.g., contact and contact between adoptive and birth 

families, and birth parent knowledge of adoptive families), we included the level of openness 

in the adoption at 9 months as a covariate (Ge et al., 2008). We also controlled for perinatal 

complications to attempt to disentangle genetic influences from prenatal environment 

(Marceau et al., 2016). 

Analytic Approach 
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Path analysis examined the role of biological mother ADHD symptoms as a predictor 

of adopted children’s early impulsivity/activation and associations with adoptive mother 

hostility and depression symptoms, thereby allowing examination of evocative rGE processes 

in a genetically sensitive design where passive rGE has been removed. Maternal hostility and 

depressive symptoms were in turn hypothesized to predict children’s ADHD symptom course 

and aggression (see Figure 1). Analyses were conducted using Cohort I. Cross-validation 

analyses were conducted with Cohort II. Multi-group (by cohort) structural equation 

modelling (SEM) then examined whether specific pathways differed in magnitude between 

Cohort I and Cohort II by constraining specific pathways to be equal (e.g., constraining paths 

from birth mother ADHD symptoms to child impulsivity/activation to be equal between 

Cohorts I and II) and examining the change in model fit (∆ χ2). 

A number of variables were transformed to correct for moderate but significant skew. 

Model fit was examined using chi-square test, Root Mean Square Error of Approximation 

(RMSEA), Confirmatory Fit Index (CFI) and Standardized Root Mean Square Residual 

(SRMR). Good model fit was indicated by a non-significant χ2 statistic, an RMSEA fit 

statistic of <.05, CFI >.98, and an SRMR close to zero (Kline, 2005). 

In Cohort I, of the eligible sample, missing data ranged from 17.4% (59/340) for 

maternal reports of depressive symptoms, to 31% (107/340) for father reports of child 

aggression at age 6 years. In Cohort II, of the eligible sample, missing data ranged from 16% 

(29/178) for birth mother symptoms of ADHD to 45% (81/178) for father reports of child 

aggression at age 6 years. The Little’s test of missing data indicated that data were not 

missing completely at random in Cohort I (Little’s MCAR test (87) = 119.04, p = .013) or 

Cohort II (Little’s MCAR test (36) = 54.25, p = .026). Higher levels of maternal hostility and 

greater maternal depressive symptoms were associated with missingness at child age 6 years. 

Under assumptions of Missing at Random (MAR), multiple imputation reduces bias even 
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when the proportion of missing data is large (Madley-Dowd, Hughes, Tilling, & Heron, 

2019). We therefore conducted multiple imputation utilizing additional auxiliary variables 

(e.g., earlier indicators of: maternal depressive symptoms; maternal hostility; father reports of 

child aggression and ADHD symptoms) to make the assumption of MAR as plausible as 

possible (White et al., 2011). 

To account for attrition, missing data were imputed using multivariate chained 

equations (Van Buuren & Oudshoom, 2000). Imputation models were run using linear 

regression. All variables with missing data used in analyses were imputed up to the maximum 

sample size (Cohort I n = 340; Cohort II n = 178). Twenty imputed datasets were derived 

each with 10 cycles of regression switching and then all analyses were conducted on the 

imputed datasets (White et al., 2011). Analyses were conducted using MPlus (Muthén & 

Muthén, 1998), using maximum likelihood estimation procedures. Indirect effects were 

estimated with bias corrected bootstrapping (using the MODEL INDIRECT command in 

MPlus). Indirect effects were considered significant if the 95% confidence intervals did not 

include zero (Hayes, 2009; Preacher & Hayes, 2008). Bias-corrected bootstrapping is a robust 

way of testing indirect effects (see MacKinnon et al., 2004). All analyses presented show the 

results using the imputed sample. Complete case analyses were also conducted. 

Results 

Correlations, means, and standard deviations are presented in Table 1, which shows 

similar patterns of associations observed in Cohorts I and II. Figure 2 shows the results for 

the full model estimated, examining the role of birth mother ADHD symptoms, child 

impulsivity/activation, adoptive mother hostility and depressive symptoms on later child 

ADHD symptoms and aggression, with estimates and 95% confidence intervals shown in 

Table 2.  
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Model fit indices indicated a satisfactory fit to the data in Cohort I (χ² (4) = 6.34, p 

= .175; RMSEA = .04 (.00, .09); CFI = 0.99; SRMR = .043). In Cohort I, Adoptive mother 

depressive symptoms and adoptive mother hostility at 4.5 years were correlated (r = .14, p 

= .024). Maternal hostility at age 4.5 years predicted both child aggression (β = .42, p = 

<.001) and child ADHD symptoms (β = .29, p = <.001) at age 6 years. In contrast, maternal 

depressive symptoms at 4.5 years were not associated with either child aggression or ADHD 

symptoms at 6 years (β = -.06, p = .390; β = -.03, p = .593 respectively). Constraining the 

paths between maternal depressive symptoms and maternal hostility on child outcomes to be 

equal suggested that maternal depressive symptoms may be less important for the 

developmental course of aggression (∆ df = 1; ∆ χ2 = 5.56), relative to maternal hostility. 

However, paths did not significantly differ for ADHD symptoms (∆ df = 1; ∆ χ2 = 2.96). 

Early child impulsivity/activation at 4.5 years was associated with child ADHD symptoms at 

6 years after partialing out the effects of child aggression (β = .21, p = .002), and was also 

associated with child aggression at 6 years after partialing out the effects of child ADHD 

symptoms (β = .13, p = .040). Child ADHD symptoms and aggression at 6 years were also 

correlated (r = .60, p <.001). 

Birth mother ADHD symptoms significantly predicted child impulsivity/activation at 

4.5 years (β = .18, p = .010). Furthermore, birth mother ADHD symptoms had an indirect 

effect on maternal hostility via child impulsivity/activation, suggesting evocative rGE 

(indirect effect: β = .05, 95% CI .02, .08, p = .046; as identified in Harold et al., 2013), but 

there was no evidence of an indirect effect on adoptive mother depressive symptoms via child 

ADHD impulsivity/activation (indirect effect: β = .003, 95% CI -.022, .028, p = .834).  

Cross-validation analyses examined this path model in Cohort II (Figure 2). Model fit 

statistics suggested an adequate fit to the data (χ² (4) = 8.78, p =.067; RMSEA = .08 

(.00, .16); CFI = .94; SRMR = .064). The pattern of results was similar to results for Cohort I, 
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with the exception that the path from birth mother ADHD symptoms to early child ADHD 

impulsivity/activation (at 4.5 years) was marginally significant (β = .12, p = .072). In 

addition, the path from child ADHD impulsivity/activation to maternal depressive symptoms 

was significant (β = .20, p = .033).  

Prior to multi-group SEM procedures, we examined whether measures that differed 

between the cohorts were invariant by constraining the variance to be equal between the two 

groups. These measures were found to be invariant across Cohorts I and II (∆ df = 3; ∆ χ2 = 

0.76). Multi-group (by cohort) SEM procedures then examined whether specific pathways 

differed in magnitude between Cohorts I and II by constraining paths to be equal across the 

two cohorts. This did not result in a significantly worse model fit, suggesting that paths did 

not significantly differ in magnitude across the two cohorts (path from birth mother ADHD to 

child impulsivity/activation: ∆ df = 1; ∆ χ2 = 0.17; path from child impulsivity/activation to 

maternal depressive symptoms: ∆ df = 1; ∆ χ2 = 1.16; path from child impulsivity/activation 

at age 4.5 years to child aggression at age 6 years ∆ df = 1; ∆ χ2 = 0.33).  

Complete Case Analyses 

Although the pattern of results was similar, there were some differences noted in the 

complete case analysis (see supplementary material, S1). In Cohort I, the association between 

child ADHD impulsivity/activation and later aggression was reduced to non-significant (β 

= .11, p = .184). The association between adoptive mother hostility and child ADHD 

symptoms was no longer significant (β = .13, p = .113). In addition, the correlation between 

adoptive mother hostility and depressive symptoms was no longer significant (β = .11, p 

=.100). In Cohort II, the association between child ADHD impulsivity/activation and later 

aggression was reduced to non-significant (β = .17, p = .125). These results should be 

interpreted with caution given that the data were not MCAR, and both higher levels of 

hostility and depressive symptoms were associated with missingness, suggesting that 
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associations with these variables may be underestimated. Furthermore, complete case 

analyses substantially reduced sample size, which will have reduced the ability to detect 

significant effects.  

Discussion 

The aim of the present study was to examine the interplay between genetic and 

rearing environmental processes (specifically maternal hostility and depressive symptoms) 

involved in the developmental course of ADHD symptoms and aggression, thus the effects of 

aggression were partialled out of the estimate of maternal hostility and depressive symptoms 

on later child ADHD symptoms, and vice versa. As part of the study design, adoptive parents 

and children were genetically unrelated, allowing the examination of these associations 

removing the possible confound of passive rGE. Furthermore, this study allowed the 

examination of evocative rGE of maternal hostility or depressive symptoms, whereby genetic 

risk for ADHD and aggression (indexed by biological mother ADHD symptoms) may evoke 

particular responses (maternal hostility or depressive symptoms). Finally, by examining these 

questions in Cohorts I and II separately, we were able validate the findings across cohorts that 

utilized slightly different measures to assess the same constructs, thus providing greater 

confidence in the findings. 

Consistent with our first hypothesis, the current study indicated that maternal hostility 

was associated with both aggression and ADHD symptom course (after taking into account 

co-occurring symptoms) in both cohorts. As adoptive mothers and adopted children were 

genetically unrelated to each other, the association between maternal hostility and later child 

behavior problems cannot be attributed to passive rGE. This suggests that hostile parenting 

represents an important rearing environmental factor in the developmental course of ADHD 

symptoms and aggression. Further, this pattern of findings was identified using a cross-rater 

approach (father ratings of child ADHD and aggression), strengthening the rigor of the 
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analytic approach. Such findings are in accord with a growing body of literature highlighting 

the role of parent hostility as an important environmental process, for the development of 

aggression and ADHD developmental course (Burt et al., 2005; Caspi et al., 2004; Harold et 

al., 2013; Lifford, et al., 2008; Shaw, et al., 2005).  

Findings demonstrated that maternal depressive symptoms may be less important for 

the developmental course of aggression, relative to maternal hostility, with associations being 

significantly stronger between maternal hostility and child outcomes than between maternal 

depressive symptoms and child outcomes in Cohort I. However, it is important to note that 

maternal depressive symptoms were associated with concurrent measures of hostility in each 

cohort. This is consistent with previous research examining family processes and parental 

depression, where parent depression has been found to be associated with impairments in 

family functioning, including parent hostility (Goodman & Gotlib, 1999; Keenan-Miller et 

al., 2010; Lovejoy, et al., 2000). Therefore, maternal depressive symptoms may influence risk 

for child behavior problems indirectly via parenting processes. Consistent with this 

possibility, parents with high levels of depressive symptoms are more likely to display hostile 

parenting, which in turn increases risk for child psychopathology (Buehler & Gerard, 2002; 

Cummings et al., 2005; Giallo et al., 2014). Additional research is needed to understand the 

mechanisms through which maternal depressive symptoms may impact the development and 

continuity of child ADHD symptoms and aggression. 

Consistent with our second hypothesis, findings also suggested that genetically 

influenced (indexed by birth mother symptoms of ADHD) attributes in the child (liability to 

ADHD) had a direct effect on later behavior problems, being associated with ADHD 

symptoms after partialing out the effect of aggression. Early child impulsivity/activation was 

also associated with later child aggression after partialing out the effect of ADHD symptoms, 

suggesting that this measure of early child liability to ADHD may not be specific to risk for 
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later ADHD symptoms, but may be associated with risk for multiple child outcomes. This is 

in accord with previous research suggesting that comorbidity between ADHD and aggression 

may result, at least in part, from heritable mechanisms (Seroczynski et al., 1999; Nadder et 

al., 1998; Nadder et al., 2002; Thapar, et al., 2001). Furthermore, the current findings are in 

accord with previous research suggesting that early impulsivity may predispose children to 

behavioral difficulties (Beauchaine et al., 2010; García-Forero et al., 2009; Bezdjian et al., 

2011; Perry et al., 2018). We extended previous research by considering earlier child 

characteristics and in the context of co-occurring symptomatology of ADHD symptoms and 

aggression).  

The current study additionally considered evocative rGE in our third hypothesis, 

furthering the understanding of possible child effects of early child characteristics 

(specifically impulsivity/activation) on parental hostility (Harold et al.., 2013; Schermerhorn 

et al., 2012) and parent depressive symptoms (Bagner et al., 2013; Gross et al., 2008; Kouros 

& Garber, 2010; Raposa et al., 2011). In Cohort I, birth mother ADHD symptoms had an 

indirect effect on adoptive mother hostility via child impulsivity/activation to later ADHD, as 

found in a previous study employing this dataset (Harold et al., 2013), providing evidence of 

evocative rGE. The magnitude of the association was similar across the two cohorts. Whilst 

the association between birth mother ADHD symptoms and child impulsivity/activation was 

not significant in Cohort II, the sample size of Cohort II is smaller than Cohort I, which may 

have reduced power to detect such effects. Overall, the pattern of findings suggests that 

genetically-influenced behaviors in children can impact family functioning, specifically 

maternal hostility (Harold et al., 2013).  

The association between early child impulsivity/activation and maternal depressive 

symptoms was inconsistent across Cohorts I and II. There was no evidence of such evocative 

effects on maternal depressive symptoms in Cohort I. However, there was a significant 
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association between early child impulsivity/activation and maternal depressive symptoms in 

Cohort II. It is important to consider that different measures were used to assess maternal 

depressive symptoms in the two cohorts: these were standardized within cohort to allow 

comparisons across cohorts. Cohort I employed the BDI (Beck et al., 1979), whereas Cohort 

II employed the CES-D (Radloff, 1977). The BDI and the CES-D represent two of the most 

widely used assessments of depression (Shafer, 2006). However, although both assess the 

severity of depressive symptoms, these two questionnaires were initially designed to assess 

depression in different populations: The BDI originated from the clinical domain to assess 

depression severity in individuals who already had a diagnosis of depression, whereas the 

CES-D was developed to assess depression symptom severity within epidemiological 

samples (Choi et al., 2014; Santor et al., 1995). As such, the BDI retains a focus on cognitive 

symptoms, whereas the CES-D focuses on affective symptoms (Choi et al., 2014; Santor et 

al., 1995; Shafer, 2006; Skorikov & VanderVoort, 2003). Differences in associations between 

child impulsivity/activation and maternal depressive symptoms in the two cohorts may reflect 

these differences in measurement. This highlights the importance of cross-validation research 

to allow convergence (or not) of findings that employ different measures to assess the same 

construct (in this case, depressive symptoms). It is possible that child liability to ADHD may 

have a greater impact on maternal affective symptoms rather than cognitive symptoms. It is 

too early to conclude that early child liability to ADHD does not impact maternal depressive 

symptoms, given association between these constructs in Cohort II (using the CES-D). 

However, further research is needed to understand these associations.  

Limitations and Future Directions 

The current findings should be considered in light of some limitations. First, different 

measures were used for some constructs in Cohort I and II. For example, Cohort II used a 

modified version of the CBQ – the CBQ Short form (in conjunction with the BAS) compared 
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to Cohort I to assess child impulsivity/activation. Cohorts I and II also used different versions 

of the CBCL to assess aggression (Cohort I used the version for children aged 1 ½ year to 5 

years, and Cohort II used the version for children aged 6-18 years). As noted above, different 

measures of maternal depressive symptoms were also used. Despite these measurement 

differences, measures were found to be statistically invariant and findings were broadly 

similar across the two cohorts. Furthermore, pathways did not significantly differ in 

magnitude across the two cohorts suggesting that caution is needed in interpreting non-

significant paths, particularly in Cohort II, where sample size is smaller than in Cohort I. This 

cross-cohort validation thus adds confidence to the interpretation of the findings.  

Second, there were some differences in complete case analyses (see supplementary 

material) and imputed data. However, caution is needed when interpreting complete case 

analyses, particularly given that the data were shown to not be MCAR, and both higher levels 

of maternal hostility and maternal depressive symptoms were associated with missingness, 

therefore complete case analysis may produce biased estimates, making multiple imputation 

more appropriate (Graham, 2009). Furthermore, small sample sizes reduce power to detect 

associations in complete case analyses. Multiple imputation was used to overcome this 

limitation. We conducted multiple imputation utilizing auxiliary variables to make the 

assumption of MAR more plausible (White et al., 2011). Under this assumption, multiple 

imputation produces less biased estimates compared to complete cases analyses, even when 

proportion of missing data is large (greater than 50%; Madley-Dowd et al., 2019). A third 

limitation is that early child impulsivity/activation was measured at the same time as adoptive 

mother hostility and depressive symptoms. Future research should examine potential 

bidirectional effects between early child liability to ADHD and parent characteristics.  

Fourth, the current analyses did not examine the role of adoptive father hostility or 

depressive symptoms. Research suggests that both hostility and depression in fathers have 
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detrimental effects on child psychopathology (Connell & Goodman, 2002; Kane & Garber, 

2004, 2009; Wilson & Durbin, 2010; Pemberton et al., 2010; Sellers et al., 2019) and that 

effects may by differ by parent gender (Cummings et al., 2005; Harold et al., 2013; Sturge-

Apple et al., 2004). Future research should examine these effects on child psychopathology 

(in contexts where passive rGE have been controlled for), as well as examine any possible 

evocative rGE effects on paternal psychopathology and parenting processes. Fifth, it is 

important to consider that although the association between birth parent and adopted child 

impulsivity/activation was a measure of heritable risk, prenatal factors may also contribute to 

this association. We controlled for perinatal complications, but alternative research designs 

(e.g., children born via assisted conception: Rice et al., 2009) are needed to disentangle 

genetic influences from prenatal environments. Such studies evidence that prenatal factors 

such as smoking in pregnancy are explained by genetic factors rather than prenatal 

environmental risk (Langley et al., 2012; Thapar et al., 2009), but further research is needed 

to examine additional prenatal environmental factors. 

Sixth, it is likely that we did not fully capture ADHD genetic liability with the index 

of biological mother ADHD alone: birth father ADHD symptoms were not included due to 

limited data available from birth fathers, which may have underestimated (or overestimated) 

the magnitude of the association between birth parent ADHD symptoms and child 

impulsivity/activation. In addition, ADHD can desist by adult life, and recent research 

suggests that the late emergence of ADHD might represent a different type of phenotype 

(Cooper et al., 2018; Asherson & Agnew-Blais, 2019). Also, there is recent evidence showing 

strong genetic overlap between different types of mental health problems with ADHD 

showing especially strong genetic correlation with depression (Thapar et al., 2013). Thus it is 

likely that genetic liability to ADHD needs to be indexed by multiple measures of mental 

health difficulties in the biological parent, as well as genetic risk scores in the future. We 
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conducted exploratory analyses to examine this issue by employing a broader measure of 

birth mother psychopathology (encompassing depressive and anxiety symptoms, in addition 

to symptoms of ADHD and delinquency). This broader measure of birth mother 

psychopathology was associated with neither early child impulsivity at age 4.5 years nor with 

child symptoms of ADHD or aggression at age 6 years (results available on request), 

suggesting some specificity relative to measures available in the current study.  

Seventh, the majority of measures were derived from parent report. However, we used 

a cross-rater approach whereby mothers reported on their hostility towards the child, and 

depressive symptoms, and fathers reported on child ADHD symptoms and aggression, 

reducing the likelihood that the associations were due to shared rater bias. It is important to 

consider that although mother and father agreement is often high, mothers tend to report more 

behavior problems than fathers (Duhig et al, 2000; Sollie et al., 2013; Mayfield et al., 2018; 

Caye et al., 2017; van der Veen-Mulders et al., 2017). This suggests that the father-reported 

estimates of child ADHD and aggression in the current study are likely to be conservative. 

Supplementary analyses therefore examined the validity of father reports of child 

symptomatology. We examined: (i) the association between mother and father reports of 

child symptoms; (ii) the full model employing multiple reporters (mother and father reports) 

of child ADHD symptoms and aggression using a latent variable approach and; (iii) whether 

father reports of symptomatology predicted subsequent diagnoses (of ADHD and conduct 

disorder at age 7 year). Findings suggested moderate levels of agreement between mothers 

and fathers (see Supplementary material S2), in accord with previous studies (Duhin et al., 

2000). Father reports of symptomatology were also associated with later diagnoses of ADHD 

and conduct disorder (see Supplementary material S2). This is in line with previous studies 

suggesting that father reports of child ADHD symptoms may be equally valid as mother 
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reports (Martell et al., 2015). Further research is needed to better understand rater 

disagreement and associations with child outcomes.  

Finally, the current study focused on child outcomes at the age of 6 years. It is 

important to note that the associations between parenting processes may be different at later 

stages in development. Research employing biologically related parents and children suggest 

that hostility and conflict in the mother-child relationship continues to be associated with 

child ADHD symptoms later in child development (Garcia et al., 2019; Giannotta & Rydell, 

2017; Choenni et al., 2019). However, more research needed in genetically informative 

designs examining associations between family-level variables and child ADHD symptoms 

course across development. 

Conclusions 

This study provides novel insights into the genetic and environmental underpinnings 

of ADHD developmental course and aggression. We found genetic liability influences early 

child temperamental attributes of impulsivity/activation that showed continuity with later 

ADHD and aggression. Early child impulsivity/activation evoked maternal hostility that 

contributed to both ADHD and aggression (after mutually adjusting for co-occurring 

symtpoms), with some evidence for evocative processes on adoptive mother depressive 

symptoms (Cohort II only). Interventions focusing on parent-child relationship could help 

modify the course of ADHD. 
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Tables and Figures 

Table I: Correlations, means, and standard deviations among constructs for Cohort I 

(lower diagonal) and Cohort II (upper diagonal) 

 1 2 3 4 5 6 Mean (SD) 

1. BM ADHD symptoms a _ .12 -.15 .11 .19* .23* -.13 (1.72) 

2. AC impulsivity/ activation a .18* _ .21** .20** .37** .27** -.12 (2.92) 

3. AM hostility -.04 .24** - .21* .29* .25** 10.15 (3.21) 

4. AM depressive symptoms a -.16 -.01 .14* - .18* .13 0.00 (1.00) 

5. AC ADHD symptoms -.02 .28** .33** .01 - .63** 10.27 (5.63) 

6. AC aggression b -.04 .23* .44** -.01 .66** - 54.73 (5.66) 

Mean (SD) 0.15 

(1.75) 

.01 

(3.08) 

11.03 

(3.09) 

0.00 

(1.00) 

8.19 

(5.50) 

52.28 

(5.36) 

- 

Cohort I is shown on the lower diagonal and Cohort II is shown on the upper diagonal. BM: 

Birth Mother; AC: Adopted Child; AM: Adoptive mothers. *p < .05; **p <.01. a Standardized 

scores; b t-scores 
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Table II: Results from path analyses with 95% confidence intervals for Cohort I and Cohort II 

Path label 

(figure 1) 

Paths in model Cohort I 

(n = 340) 

Cohort II 

(n = 178) 

  β 95% CIs β 95% CIs 

a AM hostility to child ADHD symptoms .29** .16, .42 .20* .04, .36 

b AM hostility to child aggression .42** .26, .58 .19* .03, .45 

c AM depressive symptoms to child aggression -.06 -.19, .07 .06 -.17, .29 

d AM depressive symptoms to child ADHD symptoms -.03 -.15, .09 .08 -.26, .26 

e BM ADHD symptoms to child impulsivity/activation .18* .05, .31 .12 -.05, .29 

f Child impulsivity/activation to child ADHD symptoms .21** .08, .34 .32** .13, .51 

g Child impulsivity/activation to child aggression .13* .02, .25 .21* .05, .36 

h Child impulsivity/activation to AM hostility .24** .12, .36 .21* .05, .37 

i Child impulsivity/activation to AM depressive symptoms .01 -.11, .13 .20* .03, .38 

j AM hostility with AM depressive symptoms .14* .03, .25 .17* .02, .35 

k Child ADHD symptom with child aggression .60** .52, .68 .57** .43, .71 

*p < .05; **p <.01. BM: Birth mother; AM: Adoptive mother
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Figure Legends 

Figure 1: Conceptual model examining the relationship between birth mother ADHD 

symptoms, child impulsivity/activation, adoptive mother depressive symptoms and hostility, 

child ADHD symptoms, and child aggression. Letters refer to paths tested. 

 

Figure 2: Model examining the relationship between birth mother ADHD symptoms, child 

impulsivity/activation, adoptive mother depressive symptoms and hostility, child ADHD 

symptoms and child aggression. 

Cohort I before the slash, followed by results from Cohort II. *p < .05; † significant 

difference between pathways 
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Supplementary Material 

Supplement 1: Complete Case Analyses 

 

Supplementary Figure 1: Model examining the relationship between birth mother ADHD 

symptoms, child impulsivity/activation, adoptive mother depressive symptoms and 

hostility, child ADHD and conduct disorder symptoms using complete case analyses.  

Cohort I before the slash, followed by results from Cohort II. *p < .05 

 

Model fit statistics Cohort I: χ2 (4) = 4.94, p= .293, RMSEA = .04 (.00, .14), CFI = .99, 

SRMR = .037. N = 132. 

Model fit statistics cohort II: χ2 (4) = 2.80, p = .592, RMSEA = .00 (.00, .15), CFI = 1.00, 

SRMR = .034. N = 72. 
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Supplement 2: Examining Validity of Father Reports of Symptomatology 

 

It is important to consider that although mother and father agreement is often high, 

mothers tend to report more behavior problems than fathers (Duhig et al, 2000; Sollie et al., 

2013; Mayfield et al., 2018; Caye et al., 2017; van der Veen-Mulders et al., 2017). This 

suggests that the father-reported estimates of child ADHD and aggression in the current study 

are likely to be conservative. Supplementary analyses therefore examined the validity of 

father reports of child symptomatology.  

Both adoptive mother and father reports were available in EGDS. We therefore 

examined the level of agreement between mother and father reports of symptomatology at 

child age 6 years. There were high levels of agreement between adoptive mother and father 

reports of child outcomes in Cohort I (ADHD symptoms r = .55**; aggression r = .60**) and 

Cohort II (ADHD symptoms r = .70**; aggression r = .60**). These levels of agreement are 

in-line with previous studies examining agreement between mother and father reports of child 

symptoms of ADHD and externalising problems (e.g., see Duhig et al., 2000 meta-analysis).  

Additional analyses using both adoptive mother and adoptive father reports of child 

outcomes (ADHD symptoms, aggression), using a latent variable approach demonstrated the 

same pattern of findings are core results (see Figure S2). 
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Supplementary Figure 2: Model examining the relationship between birth mother ADHD 

symptoms, child impulsivity/activation, adoptive mother depressive symptoms and 

hostility, child ADHD symptoms and child aggression, employing a latent variable 

approach to assess child symptomatology at age 6 years. 

Cohort I before the slash, followed by results from Cohort II. *p < .05 

 

To further examine the validity of father reports, we examined whether father reports 

of symptomatology (aggression; ADHD symptoms) predicted later diagnosis (conduct 

disorder; ADHD) in the adopted child. ADHD symptoms and aggression were assessed using 

the CBCL at age 6 years (as in the current study). Adopted child diagnosis was assessed at 

age 7 years using Preschool Age Psychiatric Assessment (PAPA; Egger & Angold, 2006; 

Egger et al., 2006). Across both Cohorts 7.6% of the children had diagnosis of ADHD, and 

6.7% had a diagnosis of Conduct Disorder at age 7 years.  

In univariate logistic regression, father reports of child ADHD symptoms at age 6 

years predicted child ADHD diagnosis at age 7 years (OR = 1.17, 95% CIs 1.08, 1.27, 

p<.001). For comparison, we also examined the relationship between maternal reports of 
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child ADHD symptoms at age 6 years predicting child ADHD diagnosis at age 7 years (OR = 

1.20, 95% CIs 1.12, 1.28, p<.001).  

Father reports of child aggression at age 6 years predicted child conduct disorder at 

age 7 years (OR = 1.39, 95% CIs 1.03, 1.91, p=.035). For comparison, we also examined the 

relationship between maternal reports of child aggression at age 6 years predicting child 

conduct disorder at age 7 years (OR = 1.88, 95% CIs 1.32, 2.68, p<.001). This suggests that 

in the current sample both mothers and fathers can provide valid reports of child 

psychopathology. It is important to note that the diagnosis data were derived from a clinical 

interview with only one parent - usually the mother. The slightly higher concordance rates for 

maternal reports (vs. paternal) are therefore likely influenced by reporting bias.  
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