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Abstract

Although ADHD and negative parenting are established predictors of youth outcomes, their
independent and interactive effects on youth social functioning remain unclear. We tested
childhood ADHD symptoms and negative parenting as independent and interactive predictors

of prospective change in social problems across a four-year follow-up. At baseline, families

of 221 (33% female) children with (n7=94) and without ADHD were rigorously assessed
including observed positive and negative parenting behavior, youth ADHD symptoms, as well

as multi-informant ratings of youth social problems at multiple occasions. Based on multiple
regression with robust standard errors and full-information maximum likelihood procedures to
address missing data, ADHD symptoms positively predicted social problems, even with control
of observed parenting behavior, child age and sex, oppositional defiant disorder symptoms, and
baseline social problems. Additionally, a child ADHD symptoms x negative parenting interaction
uniquely predicted separate parent- and teacher-rated social problems where ADHD symptoms
positively predicted social problems exclusively in the context of high (+1SD) and very high (+2
SD) negative parenting, respectively. When ADHD was separated into distinct dimensions (i.e.,
inattention, hyperactivity), an interaction between inattention symptoms and negative parenting
approached significance such that inattention symptoms positively predicted parent-rated social
problems in the context of high negative parenting. We discuss the interaction between parenting
and ADHD symptoms in predictions of youth social problems and implications for intervention.
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Consisting of key constructs such as social skills, social status, and friendship (Rose-
Krasnor 1997), individual differences in youth social functioning uniquely predict important
outcomes including academic achievement, substance use, and depression (Fleming et al.
2005; Greene et al. 1999; Katz et al. 2011; Malecki and Elliot 2002). Beyond these
behavioural and emotional outcomes, social functioning is related to physical health as well:
social isolation and loneliness positively predict inflammation (Eisenberger et al. 2017),
which negatively affects mood (Irwin and Miller 2007) and cardiovascular functioning
(Libby 2006). Thus, to promote positive physical and mental health outcomes, identifying
determinants of youth social functioning and/or social difficulties will elucidate logical
targets for intervention.

Poor social functioning is a hallmark feature of youth with attention-deficit/hyperactivity
disorder (ADHD; see Nijmeijer et-al.2008 and Nixon 2001 for reviews), including peer
rejection, social skills deficits, and fewer friendships relative to their typically developing
peers (Hoza et al. 2005b; Hoza 2007; Humphreys et al. 2016). Critically, these social
problems are highly treatment resistant (Hoza et al. 2005a) and persist across development,
even when ADHD symptoms remit (Lee et al. 2008). For example, adolescents with relative
elevations in symptoms of ADHD during childhood experienced fewer friendships and
greater rejection relative to comparison youth (Bagwell et al. 2001). Although ADHD is
diversely associated with multiple indicators of social dysfunction, the literature consists
largely of cross-sectional studies, especially without clarification of potential moderators
to identify critical subgroups of youth vulnerable to the development of social difficulties,
thereby hampering efforts to identify those most in need of intervention.

ADHD represents the extreme end of a naturally occurring continuum (Larsson et al.
2012; Lubke et al. 2009). Whereas categorically-defined ADHD has shown considerable
diagnostic instability over time and may mask important within group heterogeneity,
continuous approaches to ADHD have demonstrated enhanced predictive validity across
multiple measures of impairment relative to nominal approaches (e.g., Lahey and Willcutt
2010). Additionally, given that ADHD consists of separable inattention and hyperactivity-
impulsivity dimensions, examining their potentially unique patterns of association with
social functioning is strongly indicated. For example, in the context of social interactions,
hyperactivity may manifest as social intrusion or verbal/physical aggression whereas
inattention may contribute to distractibility (Nijmeijer et al. 2008). Using ADHD subtypes,
children with ADHD-inattentive type made fewer responses and had worse memory for
conversations relative to ADHD-combined type or comparison youth in the context of a
novel chat room task (Mikami et al. 2007). In contrast, relative to other subgroups, youth
with ADHD-combined type (i.e., elevated inattentive and hyperactive symptoms) made
more frequent hostile remarks on the same measure (Mikami et al. 2007) and were more
aggressive (Wheeler Maedgen and Carlson 2000) than children with the predominantly
inattentive symptoms. Dimensionally, ADHD symptoms were positively related to peer
dislike in a community sample (Diamantopoulou et al. 2005). With additional control

of 1Q and executive functioning, ADHD symptoms inversely predicted social preference
and positively predicted aggression in school-aged children (Diamantopoulou et al. 2007).
Because different configurations of ADHD, based on the total number of symptoms and
diagnostic subtypes, are associated with diverse measures of social functioning, future
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studies must attend to these issues to improve specificity of predictive models across
development.

Like ADHD, parenting behavior is central to the development of youth social functioning.
Whereas positive parenting is related to social adjustment and prosocial behaviors in
children (Koblinsky et al. 2006), exposure to extreme negative parenting (e.g., abuse,
neglect, hostility) predicts social problems such as bullying and/or victimization (Lereya
et al. 2013). Even normative levels of negative parenting (e.g., criticism, inconsistent
discipline) are related to social dimensions (e.g., aggression, social preference) in expected
directions in children with and without ADHD (Bank, L., et al. 2004; Brown and Bakken
2011; Kaiser et al. 2011; Kawabata et al. 2011). Moreover, intervention-induced reductions
in negative parenting, coupled with increased positive parenting behaviors, predicted
improved youth social competence (Webster-Stratton et al. 2001), suggesting the plausible
causal role of parenting in youth social functioning.

Predictions of social functioning from parenting behavior may consist of multiple mediating
pathways. Attachment and social learning theories posit modeling as a central mechanism
through which children apply social behaviors observed in the family environment to

peer interactions (Brown and Bakken 2011). Parenting behavior can also influence the
development of emotion regulation and cognitive processes that are essential to social
functioning (Morris et al. 2017). Additionally, parenting may affect social information
processing and children’s perceptions of their peers: children who experienced more positive
parenting were less likely to make negative attributions of their peers; fewer negative
attributions, in turn, predicted greater peer acceptance (Rah and Parke 2008). Although

the pathways through which parenting influences social behavior may differ across positive
and negative parenting dimensions, exposure to negative parenting behavior is a strong
candidate risk factor for offspring social dysfunction. Thus, children with symptoms of
ADHD, who are susceptible to poor social functioning, may be particularly vulnerable to
social difficulties in the context of negative parenting behavior. Despite distinct literatures
investigating symptoms of ADHD and negative parenting with respect to social outcomes,
few studies have evaluated their /ndependent and interactive predictions of youth social
problems.

Symptoms of childhood ADHD plausibly interact with parenting behavior to predict
individual differences in youth social problems. First, families of children with ADHD

are characterized by elevated conflict and reduced parental sensitivity/warmth (Keown
2012; Pressman et al. 2006). Second, considering its significant heritability (Faraone and
Larsson 2018), biological parents of youth with ADHD are vulnerable to significant ADHD
symptoms themselves, which predict both self-reported and observed negative parenting
behavior (Harvey et al. 2003; Mokrova et al. 2010). Moreover, youth ADHD symptoms are
reliably associated with parent stress (Theule et al. 2013), which similarly elicits negative
parenting (Crnic et al. 2005). Finally, because authoritative parenting beliefs were more
strongly associated with peer rejection in 6-12-year-old boys diagnosed with ADHD than
controls (Hinshaw et al. 1997), social outcomes in youth with ADHD may be particularly
sensitive to the influence of parenting behavior. Overall, whereas positive parenting behavior
may promote positive social development, despite youth ADHD symptom levels, negative
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parenting behavior may exacerbate social problems subsequent to symptoms of youth
ADHD, although few studies have tested this hypothesis directly. In three separate models,
Kaiser et al. (2011) found that an ADHD x negative parenting interaction was unrelated to
youth social dysfunction; rather, self-reported parenting behavior mediated the relationship
between ADHD and child aggression and social skills. However, because cross-sectional
designs lend poor resolution to testing interactions (McClelland and Judd 1993), evaluation
of youth ADHD x parenting behavior interactions should be prioritized in repeated
measures designs. Further, cross-sectional designs limit interpretation of the direction of
the effects as children’s social difficulties and ADHD could elicit negative parenting
behavior, highlighting the importance of temporally-ordered strategies to test hypothesized
associations. Finally, the current study employs objectively-coded observations of parenting
behavior, which increments predictions beyond self-report and mitigates important biases
(e.g., desirability effect) associated with self-report data (Locke and Prinz 2002).

The current study had two aims: 1) to test the independent association of youth ADHD
symptoms and observed negative parenting with separate parent and teacher ratings of social
problems in youth followed prospectively for 4 years and 2) to test their interaction with
control of child age and sex as well as baseline social problems. Follow-up exploratory
analyses were conducted separately with inattention and hyperactivity dimensions of
ADHD, given their differential association with social functioning (Mikami et al. 2007;
Wheeler Maedgen and Carlson 2000). In all models, we controlled for baseline oppositional
defiant disorder (ODD) symptoms, based on the disorder’s significant covariation with
social behavior (Greene et al. 2002) and ADHD (Jensen et al. 1997). Finally, we controlled
for baseline observed positive parenting as positive and negative parenting are differentially
associated with child outcomes (Caron et al. 2006). We hypothesized that ADHD symptoms
and negative parenting would independently predict escalating social problems. Secondarily,
we hypothesized that the ADHD symptoms x negative parenting interaction would
significantly predict multi-informant rated social problems for youth exposed to higher
levels of negative parenting. Finally, we tested an exploratory three-way interaction among
inattention, hyperactivity, and negative parenting to evaluate whether combinations of these
symptom dimensions predicted social problems. Given the exploratory nature of this final
aim, we did not specify a priori hypotheses.

The present sample consisted of 221 youth with (7= 94) and without ADHD (7= 124) and
their families. Three participants were missing ADHD diagnostic data from the Diagnostic
Interview Schedule for Children (DISC-1V) Parent Edition (Shaffer et al. 2000), the primary
diagnostic tool to ascertain ADHD status. At baseline (i.e., Wave 1) participating children
ranged in age from 5 to 10 years old and at follow-up, approximately 4 years later (i.e.,
Wave 3), their ages ranged from 9 to 15 years old (Table 1). Ethnically diverse youth (51.6%
Caucasian; 9.1% African American; 12.2% Hispanic; 3.6% Asian; 23.5% Mixed/Other/
Unknown) and their families were recruited from a large metropolitan city in the Western
U.S. To recruit families, flyers were mailed to local schools, pediatric offices, and clinical
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service providers. Additionally, presentations were made to ADHD self-help groups and
referrals from mental health clinics were gathered. For the current study, inclusion criteria
were English fluency and living with a biological caregiver at least halftime. Participants
with an 1Q below 70, a history of seizure autism spectrum, or other neurological condition
were excluded.

Following an initial phone screen, eligible families who elected to participate were mailed
rating scales to assess child functioning. With consent from families, teachers were mailed
parallel forms to gather additional information about child functioning in the school setting.
Families also completed a laboratory-based assessment conducted by graduate students

in clinical psychology or B.A. level staff blind to youth diagnostic status at baseline.
However, given the nature of the assessments, staff working with families could likely
discern diagnostic status during the study visit. After informed consent and youth assent
were obtained, parents completed a structured diagnostic interview (i.e., DISC-1V; see
measure section for more detail) and rating scales assessing child functioning across
social, emotional, and academic domains. Youth concurrently completed standardized
tests examining academic achievement and cognitive functioning as well as interviews
evaluating social-emotional functioning. Participating families were invited to complete
laboratory follow-up assessments at Waves 2 and 3, which took place about two and 4
years later, respectively. Follow-up assessments were similar to those at Wave 1 in terms
of key constructs and methods. For the present study, we examined baseline (i.e., Wave

1) predictors and Wave 3 social outcomes. Approximately 80% of the initial Wave 1
sample consisting of 221 participants was reevaluated at Wave 3 (7= 175). To incentivize
continued participation, children and families were paid at a higher rate at each Wave of data
collection. Perhaps most importantly, across the life of the study, families were provided
with detailed clinical assessment summaries wherein key diagnostic, cognitive, academic,
and socio-emotional domains of functioning were described. Moreover, specific referrals,
treatment recommendations and principles, etc. were included in these written reports.

Notably, Wave 3 participants had significantly lower Wave 1 observed negative parenting
[4171) = 3.06, p< 0.01] and Wave 1 teacher-rated social problems [/(146) = 2.23, p=

0.02] compared to youth who did not participate at Wave 3. No other significant differences
in child demographic and clinical variables (i.e., age, sex, and ethnicity, ADHD status or
symptoms, ODD symptoms, Wave 1 parent-rated social problems) were observed. Sex of
the participating parent did not differ either. The University of California, Los Angeles
Institutional Review Board approved all study procedures.

Diagnostic Interview Schedule for Children (DISC-IV)—Participating parents
completed the ADHD module of the DISC-1V, Parent Edition (Shaffer et al. 2000).

The DISC-IV is a computer-assisted, fully structured interview with strong psychometric
properties, including a test—retest reliability of 7= 0.79 after 1 year as well as an internal
consistency of 0.84 for symptoms and 0.77 for criterion in a large community sample (see
Shaffer et al. 2000). The ADHD module assesses for child symptoms based on DSM-IV
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criteria as well as impairment across multiple settings. The measure was used to determine
ADHD diagnostic status.

Disruptive Behavior Disorder Rating Scale (DBD)—At Wave 1, parents and teachers
completed the DBD, which examines DSM-IV ADHD symptoms. Response options on the
DBD range from 0 = not at allto 3 = very much (Pelham Jr. et al. 1992). The values of

0 and 1 are recoded into 0s, indicating the absence of the symptom; whereas values of 2

and 3 are recoded into 1s, indicating the presence of the symptom. The measure is highly
valid for the assessment of ADHD and ODD in school-age children (Owens and Hoza
2003). We combined parent and teacher data, at the item level, using an OR algorithm.

That is, if a symptom was endorsed by a parent orteacher as “very much” or “pretty
much,” that symptom was coded positively. The total number of symptoms ranged from 0
to 18, paralleling the number of DSM-IVADHD symptoms. If the symptom was missing for
one of the informants, we used the data from the single informant. Combining data across
informants, without weighting particular informants or symptoms, accurately diagnoses

as well or better than more complex approaches (Piacentini et al. 1992) and is valid in

the diagnosis and assessment of ADHD (Lahey et al. 1998). Finally, the dimensional OR
algorithm was shown to be a better predictor of internalizing and externalizing symptoms
as well as social problems relative to an AND algorithm or single informant report
(Shemmassian and Lee 2016). The approach of combining parent and teacher DBD ratings
has the added benefit of reducing the number of statistical tests. In our sample, total youth
ADHD symptoms demonstrated excellent internal consistency (a = 0.93). Likewise, we
summed the 9 inattention and 9 hyperactivity symptoms yielding dimensional inattention (a
= 0.90) and hyperactivity (a = 0.89) scores. Finally, the total the Wave 1 ODD score (a =
0.87) from the DBD was controlled in all analyses.

Observed Parenting Behavior—At Wave 1, families completed the Dyadic Parent
Child Interaction Coding System (DPICS; Eyberg et al. 2005). Parent and child behaviors
were coded continuously. Subsequently, composites were created (Chronis-Tuscano et al.
2008; Eyberg et al. 2001). Negative parenting consisted of hostile or critical comments,
negative commands, and condescending remarks. Positive parenting was estimated through
counts of parental praise, including positive attributions for a child’s behavior. For each
category, counts were summed and corrected for variation in the length of the interaction
task. All coders completed extensive training to ensure adherence to the DPICS protocol
and for reliability. The intraclass correlations for each parenting behavior variable exceeded
0.70. We used negative total as an index of negative parenting and controlled for praise (i.e.,
positive parenting). Behavioral counts were then divided by the total number of minutes of
the interaction to account for slight variation in the total time. Previously, these positive and
negative dimensions of parenting behavior differentiated children with behavior problems
from healthy controls across multiple studies (Lee et al. 2010; Chronis et al., 2008) and were
sensitive to change following parenting inventions (Schuhmann et al. 1998).

Child Behavior Checklist/Teacher Report Form (CBCL/TRF)—At all Waves,
parents and teachers completed the CBCL and TRF, respectively (Achenbach and Rescorla
2001). Each of the 113 items were rated from 0 = not trueto 2 = very truel often true. The
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manual reports the reliability of both the CBCL and TRF Social Problems Subscales to

be good (a = 0.82; Achenbach and Rescorla 2001). Additionally, the test-retest reliability
for the both the parent (r=0.90) and teacher (r = 0.95) Social Problems subscales is very
high (Achenbach and Rescorla 2001). For the present study, we used the Wave 3 CBCL

and TRF Social Problems narrowband raw scores as the primary outcomes. Additionally, we
controlled for Wave 1 CBCL Social Problems raw score in predictions of Wave 3 CBCL
Social Problems. A parallel approach (i.e., control of Wave 1 TRF Social Problems) was
used in predictions of Wave 3 teacher-rated Social Problems on the TRF.

Data Analytic Procedures—\We tested the independent and interactive prospective
association of baseline ADHD symptoms and observed negative parenting on multi-
informant ratings of youth Social Problems four to six years later (i.e., Wave 3). Further

we examined the independent and interactive predictions of separate dimensions of ADHD
(i.e., inattention, hyperactivity) and negative parenting on Wave 3 Social Problems. Seventy
percent of Wave 3 TRF Social Problems and 29% of Wave 3 CBCL Social Problems

were missing. We implemented full information maximum likelihood (FIML) procedures in
Stata 14.2 (i.e., method mimv) with robust standard errors to address non-normality and to
accommodate missing data. FIML, a state-of-the-art missing data technique, enhances the
accuracy and power of analyses relative to other approaches and is preferred to multiple
imputation when testing interactions (Enders 2010; Schafer and Graham 2002). Moreover,
this approach performs well even in cases of extreme missingness (Schlomer et al. 2010). As
required for the use of FIML (Li 2013), the sample met the assumption of missing at random
(MAR) based on the covariate-dependent missingness extension of Little’s test of MCAR.
For ADHD total symptoms, the test was non-significant for parent- [X2(81) =67.55, p=
0.86] and teacher[X2(96) =106.46, p=.22] rated Social Problems at Wave 3 when including
fully observed covariates (i.e., child age and sex), supporting the use of FIML. With respect
to the separate dimensions of inattention and hyperactivity, covariate-dependent missingness
extension of Little’s test of MCAR was also non-significant for parent- [Xz(lll) =77.15p
= 0.99] and teacher-rated Social Problems [X2(129) =128.11, p=0.51]. Although the data
meets the assumption of MAR and the mechanism of missingness has been proposed to have
a greater impact on estimates than the proportion of missing data (Tabachnick and Fidell
2012), the teacher analyses in the present study should be interpreted cautiously given the
high percentage of missing teacher outcome data.

We employed multiple regression to evaluate prospective predictions of parent- and teacher-
rated youth Social Problems from baseline ADHD symptoms and observed negative
parenting. Following entry of covariates and all main effects, we entered the ADHD

X negative parenting interaction term; if significant, we evaluated the simple slopes.

To improve specificity of predictions, we conducted exploratory analyses testing the
independent and interactive association of Wave 1 inattention, hyperactivity, and negative
parenting on Wave 3 parent- and teacher-rated Social Problems. To examine the interactions,
we entered the covariates and main effects followed by these terms: 1) inattention x negative
parenting, 2) hyperactivity x negative parenting, 3) inattention x hyperactivity, and 4)
inattention x hyperactivity x negative parenting.
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We considered multiple statistical approaches before employing regressions. First, given the
use of separate parent and teacher informants, we calculated the alpha level at 0.025 (i.e.,
0.05/2). Given that this study utilized the same measure across multiple informants, the use
of formal Bonferroni correction was contraindicated given its violation of the assumption of
independence. Overall, an alpha of 0.025 balances Type | and Type Il error (Perneger 1998)
without being overly punitive in the context of interactions, which are difficult to detect
(McClelland and Judd 1993). We also median-centered all predictors (Kraemer and Blasey
2004) to reduce multicollinearity. Power analyses using G*Power 3.1 software (Faul et al.
2007) were implemented to determine the minimum sample size needed to detect a small
effect (i.e., 0.2) at a = 0.025 with seven to 12 predictors (the maximum number of predictors
in any model within the current study). The program indicated that a sample size of 158
would be needed for the present study in models with 12 predictors. Therefore, our sample
of 221 youth was sufficiently large to detect a small effect at an alpha of 0.025. Preliminary
analyses (see below for details) included calculations of variance inflation factors to evaluate
multicollinearity.

A correlation matrix of all study variables is provided in Table 2. Child age and sex (male
= 1) were unrelated to Social Problems in early adolescence. The positive association
between observed negative parenting and Wave 3 parent- and teacher -rated Social
Problems approached significance (p = 0.05). All ADHD variables (i.e., total, inattention,
hyperactivity) were positively correlated with Wave 3 Social Problems across informants.
The ODD symptoms variable was positively correlated with parent-reported Social Problems
at Wave 3, but this association only approached significance for teacher-rated Social
Problems. As expected, Wave 1 and Wave 3 Social Problems were significantly related
across parent and teacher report. Although the correlation between Wave 3 parent- and
teacher-rated Social Problems approached significance, the fact that it did not meet the
significance threshold is unsurprising as informant discrepancies of social functioning are
commonly observed (Gresham et al. 2010; Renk 2005).

Preliminary Analyses

We calculated the variance inflation factor values prior to running the regressions.
Following expert recommendations (e.g., Kraemer and Blasey 2004), we median centered
the predictors to address multicollinearity, which substantially reduced variance inflation
factor values. No variance inflation factor exceeded 3.1, which is well-below the standard
cutoff of 10 (Hair Jr. et al. 1995).

Wave 3 Parent-Rated Social Problems

ADHD Symptoms and Negative Parenting—Utilizing centered predictors, we tested
the association of baseline ADHD symptoms, observed negative parenting, and their
interaction as prospective predictors of Wave 3 parent-rated Social Problems controlling

for child age and sex, positive parenting, Wave 1 ODD symptoms, and Wave 1 CBCL Social
Problems.
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Model 1 tested the main effects of ADHD symptoms and negative parenting. Negative
parenting at Wave 1 was unrelated to Wave 3 parent-rated Social Problems beyond ADHD
symptoms and covariates (b= 0.83, SE=0.80, p= 0.30; Table 3); however, baseline ADHD
symptoms positively predicted parent-reported Wave 3 Social Problems over and above
negative parenting and covariates (6= 0.11, SE=0.04, p=0.01, beta = 0.21; Table 3), with
the standardized regression coefficient reflecting a small effect size base on Cohen’s (1988)
guidelines.

In Model 2 (Table 3), we entered the ADHD symptoms x negative parenting interaction,
which significantly predicted Wave 3 CBCL Social Problems (6=10.25, SE=0.11, p=
0.025, beta = 0.18; Table 3). Following established guidelines (Aiken and West 1991), we
tested simple slopes at high (+1 SD) and low (-1 SD) levels of observed negative parenting.
At high levels of negative parenting, ADHD symptoms positively predicted parent-rated
Wave 3 Social Problems (6= 0.21, SE=0.05, p < 0.001) with rigorous control of child age
and sex, positive parenting, Wave 1 ODD symptoms, and Wave 1 CBCL Social Problems
(Fig. 1). In contrast, at low levels of negative parenting, ADHD symptoms were unrelated
to Wave 3 parent-rated Social Problems (6= 0.02, SE=0.06, p=0.70). Overall, ADHD
symptoms predicted worse parent-rated Social Problems approximately four years later only
in the context of elevated negative parenting during childhood.

Inattention Symptoms, Hyperactivity Symptoms, and Negative Parenting—To
improve the specificity of predictions, we explored the association of baseline inattention
symptoms, hyperactivity symptoms, observed negative parenting, and their interactions

as prospective predictors of parent-rated Social Problems four years later using identical
covariates.

In Model 1 (Table 4), with control of child age and sex, positive parenting, as well as
baseline ODD symptoms and CBCL Social Problems, neither Wave 1 negative parenting
(b=0.82, SE=0.80, p=0.30), inattention symptoms (6= 0.09, SE=0.06, p=0.15),

nor hyperactivity symptoms (6= 0.13, SE= 0.10, p = 0.16) significantly predicted Wave 3
CBCL Social Problems (see Table 4 for effect sizes).

Subsequently, we entered four interaction terms (i.e., inattention x negative parenting,
hyperactivity x negative parenting, inattention x hyperactivity, inattention x hyperactivity

X negative parenting) to test for a three-way interaction among key predictors in Model 2.
However, the three-way interaction was nonsignificant with a small effect size (b= 0.11, SE
=0.07, p=0.10, beta = 0.14; Table 4); therefore, the term was dropped and we tested the
remaining three two-way interactions as simultaneous predictors of Wave 3 parent-reported
Social Problems.

With inclusion of all two-way interaction terms in Model 3, the inattention symptoms x
negative parenting interaction showed a moderate effect size of beta = 0.28 and approached
significance in predicting Wave 3 Social Problems (6= 0.67, SE=0.30, p= 0.026; Table
4). Consistent with the American Statistics Association’s concerns with reducing statistical
inference to a single cutoff based on an identified p value (Wasserstein and Lazar 2016), we
tested the simple slopes of inattention symptoms at high (+1SD) and low (-1SD) levels of
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negative parenting to inform how meaningful the interaction might be. Inattention symptoms
positively predicted Wave 3 Social Problems as rated by parents at high levels (+1SD)

of negative parenting (6= 0.35, SE=0.14, p=0.01) with control of child age and sex,
positive parenting, Wave 1 ODD symptoms, and Wave 1 CBCL Social Problems (Fig. 1).
However, inattention symptoms were unrelated to parent-rated Wave 3 Social Problems at
low levels (-1SD) of negative parenting (6= -0.15, SE=0.11, p=0.20). These preliminary
findings suggest an inattention x negative parenting interaction approaching significance

in the prediction of parent-reported Social Problems, although replication is necessary to
increase confidence in the effect. In particular, inattention symptoms, not hyperactivity,
predicted greater Wave 3 CBCL Social Problems specifically in the context of high negative
parenting.

Wave 3 Teacher-Rated Social Problems

ADHD Symptoms and Negative Parenting—To combat shared method variance, we
constructed parallel models to test predictions of Wave 3 teacher reported Social Problems,
controlling for child age and sex, positive parenting, Wave 1 ODD symptoms, and Wave 1
TRF Social Problems, from baseline ADHD symptoms and observed negative parenting.

Model 1 tested the main effects of baseline ADHD symptoms and negative parenting on
Wave 3 TRF Social Problems. Neither negative parenting (6= 0.93, SE=1.24, p=0.45) nor
ADHD symptoms (6= 0.08, SE=0.12, p=0.51) at Wave 1 independently predicted Wave
3 teacher-rated Social Problems at Wave 3 beyond the described covariates (see Table 3 for
effect sizes).

To test their interaction, in Model 2, we evaluated the ADHD symptoms X negative parenting
interaction in predicting Wave 3 TRF Social Problems. The ADHD x negative parenting
interaction significantly predicted Wave 3 teacher-rated Social Problems (6= 0.52, SE=
0.21, p=0.01, beta = 0.34; Table 3) with a moderate effect size. ADHD symptoms were
unrelated to Wave 3 Social Problems at high (6= 0.28, SE=0.15, p=0.06) and low (b=
-0.11, SE=0.15, p= 0.45) levels negative parenting. Therefore, we probed the interaction
at very high (+2 SD) and very low (-2 SD) levels of negative parenting to isolate where the
simple slopes differed from zero in the context of more extreme levels of negative parenting.
At very high levels of negative parenting, inattention symptoms positively predicted Wave

3 Social Problems (6= 0.47, SE=0.20, p=0.02; Fig. 2). Importantly, 2 SD above the
centered mean of negative parenting (i.e., 0.84) is well below the maximum level of negative
parenting in the sample (i.e., 1.99), suggesting that testing at this very high level of negative
parenting is defensible. Conversely, at very low levels of negative parenting, inattention

was unrelated to Wave 3 Social Problems (6= -0.31, SE=0.20, p=0.12). Similar to

Wave 3 CBCL analyses, when exposed to high negative parenting, greater childhood ADHD
symptoms predicted higher Wave 3 Social Problems according to the TRF, although this was
only in the context of a more extreme level of negative parenting for teacher report.

Inattention Symptoms, Hyperactivity Symptoms, and Negative Parenting—

Next, we tested the association of Wave 1 inattention symptoms, hyperactivity symptoms,
observed negative parenting, and their interactions as prospective predictors of teacher-rated
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Social Problems. In Model 1, as with Wave 3 parent-rated Social Problems (i.e., CBCL),
neither Wave 1 negative parenting (6= 1.19, SE=1.12, p= 0.28), inattention symptoms
(b=0.25, SE=0.16, p=0.11), nor hyperactivity symptoms (6= -0.22, SE=0.22, p=
0.30) independently predicted Wave 3 TRF Social Problems with control of child age and
sex, positive parenting, and baseline ODD symptoms, TRF Social Problems (see Table 4 for
effect sizes).

To test possible interactive effects in predictions of Wave 3 teacher-rated Social Problems,
in Model 2, we entered interaction terms as follows: 1) inattention x negative parenting,

2) hyperactivity x negative parenting, 3) inattention x hyperactivity, and 4) inattention x
hyperactivity x negative parenting. In contrast to parent-rated Social Problems, a significant
three-way interaction with a large effect size was identified (6= 0.49, SE=0.11, p<

0.001, beta = 0.49; Table 4); therefore, we probed the interaction to determine the effect

of inattention symptoms on teacher-rated Social Problems at varying levels (i.e., +1 SD, -1
SD) of hyperactivity and negative parenting. At high (+1 SD) levels of hyperactivity and
negative parenting, inattention symptoms positively predicted Wave 3 Social Problems per
teacher report (b=0.97, SE=0.34, p< 0.01; Fig. 2). Additionally, inattention symptoms
were inversely related to Wave 3 Social Problems in the context of high hyperactivity

and low negative parenting (6= -1.13, SE= 0.45, p=0.01). In contrast, there was

no significant relationship between inattention symptoms and Social Problems with the
following combinations of hyperactivity and negative parenting: 1) low hyperactivity and
high negative parenting (6= -0.02, SE=0.22, p=0.94) and 2) low hyperactivity and

low negative parenting (6= 0.20, SE=0.24, p=0.39). Unlike Wave 3 parent-rated Social
Problems, inattention symptoms predicted increased Wave 3 TRF Social Problems in the
context of high negative parenting coupled with high hyperactive symptoms. Interestingly,
inattention symptoms inversely predicted teacher-reported Social Problems in the context of
high hyperactivity and low negative parenting.

Discussion

Given persuasive evidence that ADHD and negative parenting are each associated with
youth social functioning, we tested their independent and interactive effects on multi-
informant ratings of social problems in a sample of 221 children with and without ADHD
followed prospectively for approximately four years, with stringent control of child age and
sex, positive parenting, ODD symptoms, and baseline social problems. We review several
key findings consistent with our initial hypotheses: 1) ADHD symptoms uniquely predicted
parent-rated social problems and 2) ADHD symptoms positively predicted social problems
in the context of elevated negative parenting across separate parent and teacher ratings.
Notably, for teacher report of social problems, it was only in the context of very high

levels (i.e., + 2SD) of negative parenting. This pattern of results is largely consistent with
the separate ADHD and parenting literatures (e.g., Bank et al. 2004; Brown and Bakken
2011; Nixon 2001), but suggest continued research considering the interactive association of
ADHD and negative parenting.

With respect to exploratory analyses examining the separable dimensions of ADHD, an
inattention symptoms x negative parenting interaction approached significance. Specifically,
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inattention, but not hyperactivity, positively predicted parent-rated social problems in the
context of elevated negative parenting. In terms of teacher-rated social problems, a three-
way interaction was identified whereby inattention symptoms positively predicted higher
social problems only in the presence of high negative parenting andhigh hyperactivity.
Additionally, inattention symptoms were inversely related to social problems in the context
of high hyperactivity and low negative parenting.

That ADHD symptoms predicted social problems about four years later primarily in the
context of negative parenting underscores their synergistic role. Without consideration of
parenting behavior, ADHD symptoms were inversely correlated with social skills across
parent and teacher report (Feldman et al. 2017; Humphreys et al. 2016) in the same sample.
Additionally, youth with ADHD continue to experience social problems (e.g., rejection)in
adolescence and the effect size is large (Bagwell et al. 2001). The current findings suggest
that the putative role of ADHD symptoms in the development of social dysfunction must be
considered the context of parenting behavior. A prior cross-sectional study of ADHD and
parenting identified significant main and meditational effects on child aggression and social
skills (Kaiser et al. 2011); however, negative parenting did not moderate the relationship
between ADHD and social outcomes (Kaiser et al. 2011). Given the challenge of detecting
moderation, including low power (McClelland and Judd 1993), key design features should
be prioritized, such as prospective longitudinal designs. Exposure to negative parenting
during childhood remains stable over time (Serbin et al. 1998), suggesting that parents may
continuously model ineffective interpersonal interactions. Based on social learning theory,
children learn and implement behavior they have observed in others (e.g., parents) in their
own interactions with peers (Putallaz and Heflin 1990). Given that hyperactivity contributes
to social intrusiveness (Wheeler Maedgen and Carlson 2000) and inattention compromises
focus during peer interactions (Mikami et al. 2007), elevated ADHD symptoms in the
context of negative parenting may promote use of maladaptive social strategies derived
from parent-child interactions (Putallaz and Heflin 1990). Passive and evocative genotype-
environment correlations may also contribute to the present findings, potentially reflecting
correlated genetic influences on parenting behavior and social functioning. Finally, because
disruptive child behavior elicits negative parenting (Scaramella and Leve 2004), children
with ADHD are susceptible to increased exposure to poor social modeling.

Elucidating the underlying mechanisms of ADHD symptoms X negative parenting’s effect
on social problems is necessary to identify targets for intervention. As outlined above, social
learning theory suggests that when parents utilize negative strategies, children may enact
this behavior with peers. This conceptualization should be tested empirically by examining
observational learning as a mechanism of the relationship between negative parenting and
social problems in children with symptoms of ADHD. Such empirical studies could clarify
how interventions designed to enhance positive parenting and reduce negative parenting
yield benefits across behavioral and social outcomes. Youth executive functioning (EF)
represents another candidate mechanism. Consisting of cognitive processes that support
goal directed behavior (Nigg 2017), EF has been proposed as critical for the support

of social functioning (Barkley 2012). Further, individual differences in EF are sensitive

to caregiving behaviors (Bernier et al. 2010; Roskam et al. 2014) and EF deficits are
central to youth ADHD (Willcutt et al. 2005); therefore, testing youth EF in mechanistic
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models is a priority, including whether positive parenting may buffer the impact of negative
parenting on social problems in the same contexts. Finally, in light of the affective nature

of social interaction, emotion regulation may be a particularly important mechanism to
consider, as negative parenting predicts difficulties with emotion regulation and blunted
neurobiological responses to social reward (Morris et al. 2017). Multiple mediational models
should be utilized to simultaneously test the putative mechanisms (e.g., modeling, EF,
emotion regulation) underlying predictions of social problems from ADHD symptoms x
negative parenting in order to determine which specific pathway represents the most critical
target for intervention.

The current findings were largely consistent across Wave 3 parent- and teacher-report for
interactions between total ADHD symptoms and negative parenting. In contrast, a slightly
different pattern of results emerged for our exploratory examination of the inattention x
hyperactivity x negative parenting interaction. In light of the exploratory nature of the
three-way interactions, we did not have specific a priori hypotheses and have attempted to
conceptualize these findings based upon extant literature. In the current study, inattention
symptoms positively predicted parent-rated social problems at Wave 3 when children also
experienced high negative parenting, though the interaction only approached significance
relative to the alpha of 0.025. Critically, however, guidelines from the American Statistics
Association’s statement on p-values explain that “practices that reduce data analysis or
scientific inference to mechanical ‘bright-line’ rules (such as *p < 0.05”) for justifying
scientific claims or conclusions can lead to erroneous beliefs and poor decision making”
(Wasserstein and Lazar 2016, p. 131). This perspective emphasizes the need for full
transparency of reporting and the importance of enabling readers to utilize such statistical
information to inform their own inferences. Because the finding in this study just exceeded
the corrected alpha of 0.025, we determined that it may meaningfully suggest that it is
specifically the dimension of inattention in ADHD that exerts influence on parent report
of youth social problems in the context of elevated negative parenting. However, we
acknowledge that readers may come to a different conclusion. If a similar pattern emerges
in future studies, it would be important for interventions to emphasize targeting inattention
symptoms to improve social outcomes.

In contrast to parent-rated social problems, there was a strong association of baseline
inattention and Wave 3 feacher-rated social problems among children with elevated
hyperactivity andexposed to elevated negative parenting. Although inattention and negative
parenting interactively predicted more social problems approximately four years later
across informants, teacher ratings suggest that elevated hyperactivity was also critical. This
variation may reflect deviations in parent- and teacher-report of youth social functioning
broadly as parent and teacher ratings of social skills are not well correlated and depend

on the setting (Gresham et al. 2010; Van der Oord et al. 2005). For example, the
correspondence in ratings increases when comparing two teachers versus a parent and
teacher (Gresham et al. 2010), and the agreement between teachers and peers is also
stronger than parent and teacher ratings of social competence (Renk and Phares 2004).
Taken together, this evidence demonstrates the influence of a common setting (i.e., school)
on ratings of social behavior. Interestingly, in the context of high hyperactivity and low
negative parenting, inattention symptoms were inversely associated with Wave 3 teacher
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report of social problems. This suggests that low levels of negative parenting may buffer
against predictions of social problems (at school) from inattention and hyperactivity. Perhaps
inattention and hyperactivity may serve a positive function for social interaction (e.g., for
initiating conversation) in the context of low negative parenting. This hypothesis could be
tested experimentally wherein negative parenting is manipulated prior to a live or simulated
social interaction with peers. Overall, the findings outlined in this paragraph must be viewed
as preliminary in nature, especially given the relative instability of three-way interactions

in non-experimental designs and the considerable amount of missing teacher data at Wave

3; thus, these interpretations are highly speculative and replication in other samples is
imperative.

The results of this study have important implications for intervention. Crucially, social
dysfunction is a key source of impairment for children and adolescents with ADHD,

which negatively impacts quality of life (Wehmeier et al. 2010), yet social skills training
interventions for this population yield little improvement in social functioning (Storebg et
al. 2011). The present findings instead suggest that clinicians treating youth with elevations
in ADHD symptoms must attend not only to social functioning, but also the putative role
of negative parenting behavior in catalyzing this dysfunction. Thus, multimodal approaches,
incorporating parent management, may improve social development (Kaminski et al. 2008).
Although there is meta-analytic evidence that increasing positive parenting behaviors (e.g.,
labeled praise, contingent rewards) reduces symptoms (Kaminski et al. 2008), the current
results indicated that prioritizing a reduction in negative parenting behavior is particularly
important to buffer against the effect of ADHD symptoms on social problems. Subsequent
studies must also evaluate positive parenting as a moderator of predictions of youth social
problems from ADHD symptoms to clarify which dimension of parenting behavior is

most important to target during intervention in order to gain desired improvements in

social functioning. Although parents can benefit from learning skills to enhance parenting
approaches, the present study suggests that the need for intervention depends on the level
of symptoms. Specifically, after negative parenting rises above a particular threshold,
interventions to improve social functioning are warranted as ADHD symptom severity
increases. Thus, more intensive interventions might be offered as a function of symptom
severity, comorbidity, and reaching the negative parenting threshold. This tailored approach
is consistent with NIMH’s Research and Domain Criteria, which seeks to individualize
care to improve treatment outcomes (Cuthbert and Insel 2013; Insel et al. 2010). To that
end, children at the greatest risk for developing social problems based on ADHD symptom
severity and negative parenting could be identified to receive parenting interventions and
social skills training. Finally, this study reinforces the need to incorporate social outcomes
in treatment studies to better identify the approach that can simultaneously reduce symptoms
of ADHD and minimize social problems, which increase risk for the development of
depression (Feldman et al. 2017).

Despite several strengths of the study (i.e., prospective design, observed parenting data,
multi-informant ratings), there are relevant limitations to note as well. First, we included
social problems as a single index of social functioning despite the multi-dimensional nature
of this construct (Rose-Krasnor 1997). Second, our sample consisted primarily of mothers.
Although most research examining the role of parenting on youth outcomes has focused
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on mothers, it is important that efforts to involve fathers in treatment and research are

made (Fabiano 2007). Third, the present study did not incorporate youth-reported social
problems. As youth spend more time with peers than family members and are more sensitive
to peer influence during adolescence (Brown and Larson 2009), it will be important to

also evaluate self-report of social functioning in future studies as well. Finally, given the
instability of interactions coupled with the fact that the current sample had significant
missing teacher data and is not nationally representative of children or of youth specifically
with ADHD, replicability and generalizability may be limited. To review, negative parenting
moderated prospective predictions of social functioning from early ADHD symptoms
whereby youth with elevated ADHD who experience negative parenting are particularly

at risk. Future studies should evaluate underlying mechanisms and test whether reductions
in negative parenting reduce social problems in youth with elevations in symptoms of
ADHD. Clinicians should carefully evaluate parenting approaches in families of youth with
ADHD to identify those who might benefit most from parent training and/or social skills
interventions.

Michelle C. Fenesy is supported through a National Institute of Mental Health Predoctoral Fellowship
(5T32MH015750-38).
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Fig. 1.

a '?'he interactive effect of total ADHD symptoms and negative parenting on predicted values
of Wave 3 parent-rated Social Problems. b The interactive effect of inattention symptoms
and negative parenting on predicted values of Wave 3 parent-rated Social Problems. Both
graphs hold covariates and other predictors (i.e., hyperactivity symptoms in panel b) at their
respective means
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Fig. 2.

a '?'he interactive effect of total ADHD symptoms and negative parenting on predicted values
of Wave 3 teacher-rated Social Problems. b The interactive effect of inattention symptoms,
hyperactive symptoms, and negative parenting on predicted values of Wave 3 teacher-rated
Social Problems. Both graphs hold covariates at their respective means
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