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Abstract

Effortful control, the ability to regulate complex and goal-directed behavior, may protect individuals from developing
mental health symptoms. This study tested the potential for child effortful control and executive functioning to buffer the
effects of familial liability for attention deficit hyperactivity disorder (ADHD) problems across a one-year timeframe. Data
from the prospectively-collected Adolescent Brain Cognitive Development (ABCD)® study were used to examine whether
caregiver-rated child effortful control and executive functioning moderated the association between familial ADHD risk
and later ADHD symptoms in a sample of children (N=6,133; ages 9-10 years at baseline). Two independent variables
were considered to compare the predictive powers of specific (family ADHD) and broad (family psychopathology) risk
factors. Two additional moderating variables (surgency, negative affect) were tested to examine specificity of effortful
control and executive functioning as moderators. All variables of interest were measured on a continuum and via caregiver
report. At high levels of effortful control and executive functioning, there was no association between familial liability
for ADHD or broad psychopathology and later child ADHD problems. The moderator effects were specific to effortful
control and executive functioning domains. Etiological models of heritable psychiatric disorders, such as ADHD, should
consider the risk and protective contributions of individual traits, such as effortful control and executive functioning.
Clinical prevention and intervention efforts may target self-regulation skills in children to buffer against familial liability
for ADHD problems.
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Effortful control describes an individual’s temperamental
predisposition to inhibit a dominant response and perform
a less salient behavior (Eisenberg, 2017). Together with two
other temperamental dimensions—negative affect and sur-
gency—effortful control facilitates adaptive self-regulation
(Diamond, 2013; Rothbart & Bates, 2006). Negative affect
refers to the tendency to experience negative emotions,
such as frustration or fear; surgency is interpreted as high
levels of activity, pleasure-seeking, and impulsivity (Roth-
bart, 2007). Ontogenetically, effortful control is a precur-
sor to closely related constructs, such as cognitive control

>4 Virginia Peisch
virginia.peisch@childrens.harvard.edu

Division of Developmental Medicine, Boston Children’s
Hospital, 300 Longwood Ave, Boston, MA 02115, USA

Department of Pediatrics, Harvard Medical School, Boston,
MA, USA

and executive functioning (Nigg, 2017). At the neurobio-
logical level, the frontal-cingulate-parietal-insular network
appears to support these “top-down” regulatory processes
(McTeague et al., 2016). Developmental psychology and
psychiatry have a long-standing interest in effortful control
(and related constructs) and are increasingly conceptualiz-
ing regulatory behaviors as protective factors against atypi-
cal development. The frontoparietal control system has been
likened to the “immune system of the mind” in that it regu-
lates mental health symptoms (Cole et al., 2014). More spe-
cifically, intact executive functioning skills are believed to
protect at-risk populations from developing aberrant brain
systems and subsequent diagnoses of neurodevelopmental
disorders (Johnson, 2012).

Attention deficit/hyperactivity disorder (ADHD) is one
of the most prevalent neurodevelopmental disorders, affect-
ing roughly 5-7% of the school-aged population (Ameri-
can Psychological Association, 2013). ADHD is a highly
heterogenous disorder with a complex and multifactorial
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etiology (Nigg et al., 2020); executive functioning deficits
have been described as one of several central factors in the
behavioral expression of inattention, hyperactivity, and
impulsivity. For Barkley’s self-regulation model of ADHD
suggests that impaired executive functioning and behavioral
self-regulation underlie core symptoms of ADHD (Bar-
kley, 1997, 2015). Disruptions in attention regulation, for
example, may manifest as difficulties sustaining attention
on cognitively-demanding or less-preferred tasks. Similarly,
difficulties with behavioral self-regulation may be reflected
in increased activity levels (e.g., fidgeting with hands; act-
ing as if driven by a motor). Given that no single executive
functioning skill (e.g., working memory, inhibitory control)
has been consistently linked to ADHD symptoms (Arnett
et al., 2022; Pennington, 2006), investigations of executive
functioning correlates of ADHD must incorporate a range of
cognitive-behavioral constructs.

Longitudinal research suggests that greater effortful
control in toddlerhood is associated with fewer parent-
and teacher-reported ADHD symptoms during school age
(Joseph et al., 2021). From a developmental psychopathol-
ogy perspective, pathways toward psychopathology are
best understood through the joint consideration of multiple
interacting risk and protective factors across time (Cicchetti,
1984). The present study considers the potential interaction
of two variables that have featured prominently in etiologi-
cal models of ADHD: effortful control and familial ADHD
risk. We test the idea that parent-reported effortful control
(and the closely related construct executive functioning)
operates as the mind’s “immune system” and buffers against
familial liability for ADHD.

Behavioral genetics models have highlighted the herita-
bility of ADHD. The relative risk of ADHD among children
born of parents with ADHD ranges from 6.2 to 11.7, with
20-40% of offspring meeting criteria for an ADHD diagno-
sis (Solberg et al., 2021). An estimated 30-40% of individ-
ual differences in adult ADHD symptoms can be accounted
for by genetic factors (Boomsma et al., 2010; van den Berg
et al., 2006). Interestingly, while childhood ADHD typically
presents with a combination of inattentive and hyperactive/
impulsive symptoms, the adult ADHD phenotype is largely
characterized by inattentive behaviors, suggesting these are
“core” features of ADHD across development (Martel et al.,
2012, 2016). In this study, we use self-reported, behavior-
ally-measured caregiver ADHD symptoms as an index of
familial liability for ADHD problems in children.

Environmental stress has been suggested to disrupt the
development of neural systems associated with executive
functioning, thereby leading to heightened risk for psy-
chopathology (McLaughlin, 2016). We therefore include
socioeconomic status as a control variable in all models to
account for the potential influence of such environmental
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factors. Given that hierarchical models of psychopathol-
ogy are receiving increasing attention and empirical support
(Caspi et al., 2014), we additionally consider the predictive
role of broad familial psychopathology factor (referred to as
“p risk” hereafter).

This study aimed to examine the potential for child
effortful control and executive functioning to buffer the
effects of familial liability for ADHD problems across a
one-year timeframe. Informed by prior research, we pre-
dicted that two measures of self-regulation (i.e., effortful
control, executive functioning), would moderate the asso-
ciation between familial ADHD liability and child ADHD
symptoms (Hypothesis la, b). We also predicted that the
model for ADHD risk would better fit the data compared to
the model for p risk (Hypothesis 2). Lastly, we expected the
moderation effects identified in Hypothesis 1 to be specific to
effortful control and executive functioning. By contrast, we
did not expect significant moderation by two temperament
constructs that are also related to self-regulation, surgency
and negative affect (Hypothesis 3). While many children
with ADHD struggle in social and emotional domains, these
symptoms are not core diagnostic features.

Methods

Study Design. Our hypotheses were tested using data from
the Adolescent Brain Cognitive Development (ABCD)®
study, a longitudinal and multi-site study conducted in the
United States (Garavan et al., 2018). At baseline, a large
cohort (N=11,875) of 9- and 10-year-old children was
recruited at 21 sites across the United States (2016-2018).
Participating children and families have been completing
comprehensive yearly laboratory assessments. Detailed
information on study design and recruitment have been
described elsewhere (Garavan et al., 2018). Results pre-
sented in this paper are based on data collected at year 2
(referred to as “T1” hereafter) and year 3 (referred to as
“T2” hereafter; data version 4.0, released September 2021).

Participants. The final sample for this study consisted of
children who completed measures at T1 and T2 (n=6,133).
At T1 the mean age for children was 11.98 years (SD=7.8
months). Fifty-three percent of the sample were assigned
male sex at birth. Regarding socioeconomic status (SES),
self-reported total combined family income for the last
few months at T1 included: 2% less than $5,000 (Group
1); 2.5% $5,000-11,999 (Group 2); 1.7% $12,000-15,999
(Group 3); 3.4% $16,000-24,999 (Group 4); 4.8% $25,000—
34,999 (Group 5); 6.9% $35,000—49,999 (Group 6); 13.3%
$50,000-74,999 (Group 7); 14.7% $75,000-99,999 (Group
8); 35% $100,000-199,999 (Group 9); 15% $200,000
or more (Group 10); 470 participants did not provide
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information on SES and are not included in these percent-
ages). Study design and recruitment efforts (Garavan et al.,
2018) resulted in a study sample that is generally viewed to
be representative of the general US population (for a review,
please see Compton et al., 2019).

Measures. Demographic variables. Demographic infor-
mation was collected at T1. The child’s age (in months),
sex assigned at birth, and race were reported by the primary
caregiver. Total combined family income for the past 12
months was used as a proxy for socioeconomic status. This
latter variable was measured on a 10-point ordinal scale
ranging from “less than $5,000” to “$200,000 and greater.”
Demographic information was used to describe the sample
and as covariates in main analyses.

Familial liability. Family liability for ADHD and p risk
were calculated using caregiver questionnaires at T1. The
participating caregiver completed the self-report Achen-
bach Adult Self Report Questionnaire (ASR) to assess their
own adaptive functioning and problem behaviors (Achen-
bach & Rescorla, 2003). The participating caregiver also
completed the Adult Behavior Checklist (ABCL) about the
other parent (when applicable, n=15325), which provided
dimensional measures of adaptive functioning and psycho-
pathology (Achenbach & Rescorla, 2003). Family ADHD
risk was calculated as the mean of ABCL inattention and
ASR inattention scales. P risk was calculated as the mean of
ABCL total and ASR total T scores. Higher scores indicated
greater levels of parental symptomatology.

Effortful control. The caregiver completed the Early
Adolescent Temperament Questionnaire (EATQ-R; Capaldi
& Rothbart, 1992) at T1 to assess child effortful control.
Respondents are asked to rate their child’s behavior using a

5-point Likert scale, ranging from almost always untrue of

your child to almost always true of your child. The effortful
control factor consists of three subscales: attention, inhibi-
tory control, and activation control. Sample items include
“finds it easy to really concentrate on a problem” (atten-
tion), “is usually able to stick with his/her plans and goals”
(inhibitory control), and “usually finishes her/his homework
before it is due” (activation control). Higher scores reflected
greater effortful control. Two additional EATQ-R factors
were considered in the present study: surgency and negative
affect. Surgency includes frustration, fear (reverse scored),
and shyness (reverse scored); negative affect includes
frustration, depressive mood, and aggression subscales.
Cronbach alpha values for the present study were 0.88 for
effortful control, 0.79 for surgency, and 0.87 for negative
affect.

Executive functioning. The short form of the Barkley
Deficits in Executive Functioning Scale — Children and
Adolescents (BDEFS-CA; Barkley, 2012) was used to eval-
uate executive functioning dimensions of daily life (e.g.,

time management, organization, self-regulation). At T2,
caregivers rated their child’s behavior on a 4-point Likert
scale, ranging from never or rarely to very often. Sample
items include “doesn’t seem to process information quickly
or accurately” and “has a poor sense of time.” In order to
be consistent with the other moderating variable of interest
(effortful control), the BDEFS-CA was reverse coded such
that higher values reflected stronger executive functioning
skills. For this sample, the Cronbach alpha for the BDEFS-
CA was 0.93.

Child ADHD problems. Caregivers completed the Child
Behavior Checklist (CBCL; age 6—18; Achenbach & Edel-
brock, 1991) at T2, a normed and validated broad-band mea-
sure of problem behaviors and adaptive functioning. Parents
indicated the degree to which certain behaviors applied to
their child using a 3-point scale (0 =not true; 1 =somewhat
or sometimes true; 2=very true or often true). The DSM-
ADHD subscale was used as a continuous measure of child
ADHD problems. Higher T scores were indicative of greater
ADHD symptoms. Strong psychometric properties have
been suggested for the CBCL and prior research suggests
that CBCL subscales can accurately differentiate children
with and without ADHD (Achenbach & Edelbrock, 1991;
Chen et al., 1994).

Data Analysis. Statistical analyses were executed in R
Studio with child ADHD symptoms as the outcome vari-
able. Descriptive statistics were computed to character-
ize the sample and evaluate normality of study variables.
Bivariate correlations were initially computed for the main
study variables. To test Hypothesis 1 (i.e., the moderating
effects of effortful control and executive functioning on
ADHD risk), linear regression models were run with socio-
economic status, ADHD risk, effortful control or executive
functioning, and the interaction between ADHD risk and
effortful control or executive functioning as predictors for
child ADHD problems. To compare the predictive validity
of ADHD risk versus p risk (Hypothesis 2), we ran a second
set of linear regressions in which p risk was modeled as the
predictor rather than ADHD risk. Finally, to test specific-
ity of effortful control and executive functioning as mod-
erators (Hypothesis 3), we examined whether surgency and
negative affect moderated the association between familial
ADHD liability and child ADHD symptoms.

Results

Descriptive Statistics. Basic descriptive statistics and
bivariate correlations are presented in Table 1. Main study
variables were normally distributed (i.e., <|3| skew, <|5|
kurtosis). Age was not significantly correlated with any of
the main study variables and was therefore not included in
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Table 1 Bivariate correlations for main study variables

Mean (SD) 1. 2. 3. 4 5 6. 7 8
1. Age (years) 11.9 (0.6)
2. ADHD risk (T score) 54.6 (4.9) 0
3. Prisk (7 score) 46.0 (8.9) 0 0.78***
4. Effortful control 3.43 (0.6) 0 -0.32%%* -0.33%**
5. Surgency 3.41(0.5) 0 0.14%** -0.2%%* 0.21%**
6. Negative affect 2.43 (0.6) 0 0.34%** 0.42%** -0.56%** -0.32%%**
7. BDEFS-CA (reverse) 3.34(0.6) 0 -0.34%%* -0.37%%* 0.65%** 0.14%** -0.5%%*
8. CBCL ADHD (T score) 53.4 (5.4) 0 0.29%*** 0.3%** -0.56%** -0.05%** 0.37*** -0.66%**

Note. ADHD risk=ADHD specific risk; P risk = general psychopathology risk; BDEFS-CA =Barkley Deficit in Executive Functioning Scale
(reverse coded); CBCL ADHD = Child Behavior Checklist ADHD T score; *p < 0.05; **p <0.01; ***p < 0.001

Table 2 Regression models predicting child ADHD symptoms

Model 1: Estimate Model 2:  Estimate Model 3: Estimate Model 4: Estimate Model 5: Esti-
mate
Sex (male) -0.70*** Sex (male) -0.85%** Sex (male) -0.68*** Sex (male) 0.21 Sex (male) 0.19
SES Group 2 -1.48% SES 2 -0.50 SES 2 -1.39% SES 2 -1.68%* SES 2 -1.77**
SES Group 3 -0.68 SES 3 -0.23 SES 3 -0.74 SES 3 -0.60 SES 3 -0.70
SES Group 4 -0.87 SES 4 -0.01 SES 4 -0.89 SES 4 -0.52 SES 4 -0.66
SES Group 5 -0.85 SES 5 -0.38 SES 5 -0.86 SES 5 -1.24 SES 5 -1.13
SES Group 6 -0.67 SES 6 -0.31 SES 6 -0.73 SES 6 -0.96 SES 6 -0.88
SES Group 7 -0.76 SES 7 -0.48 SES 7 -0.72 SES 7 -1.12 SES 7 -1.06
SES Group 8 -0.85 SES 8 -0.62 SES 8 -0.84 SES 8 -1.38%* SES 8 -1.36%*
SES Group 9 -0.58 SES 9 -0.63 SES 9 -0.57 SES 9 -1.19% SES 9 -1.14%*
SES Group 10 -0.51 SES 10 -0.69 SES 10 -0.48 SES 10 -1.27* SES 10 -1.22%
ADHD risk 0.71%** ADHD 0.50%** P risk 0.51%** ADHD risk 0.13 ADHD risk 0.09
risk
EC 5.18%** EF 1.67* EC 1.41%* SU -2.81%* NA 0.57
ADHD risk*EC -0.18%** ADHD -0.13%** Prisk*EC ~ -0.13%** ADHD 0.05%* ADHD 0.04
risk*EF risk*SU risk*NA
R’ 0.34 R? 0.45 R’ 0.34 R’ 0.08 R’ 0.16

Note. P risk=general psychopathology risk; ADHD risk=ADHD specific risk; EC =effortful control; EF =executive functioning; SU = sur-
gency; NA =negative affect; CBCL ADHD =Child Behavior Checklist ADHD T score; *p <0.05; **p <0.01; ***p <0.001

subsequent analyses. Correlations for the main study vari-
ables mostly fell in the expected directions (Table 1). The
two familial risk factors, ADHD risk and p risk, had a strong
positive correlation, 7(5,299)=0.78, p<0.001. Effort-
ful control and executive functioning (i.e., reverse-coded
BDEFS-CA scores) also had a strong positive correlation
r(5,976)=0.65, p<0.001. Child ADHD symptoms were
negatively correlated with effortful control, #(6,061)=-0.56,
p<0.001. Unexpectedly, child ADHD symptoms and sur-
gency were also negatively correlated, though the effect size
was small, 7(6,061)=-0.05, p <0.001.

There was a significant effect of socioeconomic status
on child ADHD symptoms, F(9, 5653)=3.20, p<0.001).
Tukey’s HSD test for multiple comparisons suggested that
the mean severity of ADHD symptoms was significantly
higher in group 7 as compared to groups 9 (p <0.05, 95%
C.1=[-1.53, -0.09]) and10 (p<0.01, 95% C.I.=[-1.91,
-0.23]). SES was therefore included as a covariate in all
subsequent models.
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Hypothesis 1 Effortful control and executive functioning
will moderate the association between ADHD risk and child
ADHD symptoms.

Results from a linear regression model with sex, SES, and
the interaction between familial ADHD risk and effort-
ful control supported our a priori prediction (Hypothesis
la). As reported in Table 2 (see Model 1), the interaction
between familial ADHD risk and effortful control was sta-
tistically significant, B=-0.18, p<0.001. Similar results
emerged when executive functioning was modeled as the
moderator (Hypothesis 1b; see Model 2 in Table 2).

To better understand the interaction term in Model 1, we
plotted simple slopes for low, medium, and high values of
effortful control, defined as -1, 0, and + 1 standard devia-
tions relative to the mean, respectively (Fig. 1a) and tested
for their significance. Starting with average levels of effort-
ful control, familial ADHD risk positively and significantly
predicted child ADHD symptoms, 5=0.10, p<0.001. The
magnitude of this association was stronger for children with
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Fig. 1a-d Simple slopes for moderation analyses; the moderating variables are each depicted at the mean, + 1 standard deviation, and — 1 standard
deviation. Executive functioning (Fig. 1b) depicts the reverse coded Barkley scale (“Barkleyr”)

low effortful control, b=0.21, p<0.001. In contrast, for
high levels of effortful control, familial ADHD risk did not
predict child ADHD symptoms (b=-0.01, p=0.58). Similar
trends were found for executive functioning (Model 2). As
is shown in Fig. 1b, at average levels of executive function-
ing, the association between ADHD risk and child ADHD
symptoms was positive and significantly different from zero
(b=0.05, p<0.01). At low levels of executive functioning,
the magnitude of this association was stronger and also sta-
tistically different from zero (6=0.13, p<0.001). By con-
trast, at high levels of executive functioning, the slope was
negative and not statistically different from zero (b=-0.03,
p=0.14). Altogether, this indicates that familial risk for
ADHD is negated at high levels of effortful control and/or
executive functioning.

The region of significance for effortful control and execu-
tive functioning was established using the Johnson-Neyman
technique. As depicted in Fig. 2a and b, effortful control

scores above 3.82 and executive functioning scores above
3.53 protect against ADHD risk.

Hypothesis 2 Familial ADHD risk will better predict child
ADHD symptoms compared to familial p risk.

Contrary to Hypothesis 2, model estimates for ADHD risk
and p risk were comparable (see Models 1 & 3 in Table 2).
Specifically, estimates for interaction terms (-0.18 and
—0.13 for ADHD risk and p risk, respectively) as well as
overall model fit (R square=0.34 for both models) were
similar.

Hypothesis 3 Surgency and negative affect will not moder-
ate the association between familial ADHD risk and child
ADHD symptoms (specificity of model).

To evaluate the specificity of effortful control and executive
functioning as moderators of familial liability for ADHD
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Fig. 2a, b Johnson-Neyman plots indicating the range of significance for the moderator variables 2a) EATQ-R (effortful control), 2b) BDEFS-CA

(executive functioning)

symptoms (Hypothesis 3), we ran two additional linear
regression models with surgency and negative affect as
alternative moderators. Although we had predicted that the
moderating effect would be unique to effortful control, the
interaction between ADHD risk and surgency was statisti-
cally significant, B=-0.05, p<0.05. To better understand
the interaction term for surgency, we plotted simple slopes
for low, medium, and high values of surgency (see Fig. 1c).
Unlike with effortful control, the effect of surgency on the
association between ADHD risk and child ADHD symptoms
was positive at low (b=0.28, p<0.001), medium (b=0.31,
p<0.001), and high (6=0.33, p<0.001) levels of surgency.
This indicates that while low levels of surgency attenuated
the effect of ADHD risk on ADHD outcomes, it did not
fully neutralize the association. Moreover, comparison of R
square values for the surgency and effortful control models
suggested a better model fit for effortful control (surgency
R*=0.08, versus effortful control R?=0.35). Negative affect
did not significantly moderate the association between
ADHD risk and child ADHD symptoms, B=-0.04, p=0.10.

Discussion

Effortful control and closely-related constructs, such as
cognitive control and executive functioning, play an ubiqui-
tous (“transdiagnostic’) role across mental health disorders
(Johnson, 2012; Zelazo, 2020). On the “flip side of the coin,”
within at-risk populations, individuals with strong executive
function skills are “better able to compensate for atypicali-
ties in other brain systems early in life,” thereby protect-
ing them from developing high levels of psychopathology
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(Johnson, 2012). We used data from the ABCD study® to
test the potential buffering effect of effortful control and
executive functioning against familial liability for ADHD
problems in a large and representative sample of children.

As predicted, not only were low effortful control and
executive functioning prospectively associated with higher
child ADHD problems, but variation in these domains mod-
erated the effect size of familial liability for ADHD. More
specifically, plotting and probing of simple slopes revealed
that the association between familial ADHD risk and child
self-regulation abilities was the strongest at low levels of
self-regulation. Whereas the association between mean
levels of effortful control/executive functioning and child
ADHD problems was still positive and significant, this was
not the case for greater regulatory capacity. Stated differ-
ently, individuals with well-developed self-regulation skills
appeared to be protected against the impacts of parental
ADHD symptoms. Interestingly (and contrary to our pre-
dictions), models for ADHD specific family risk and broad
psychopathology risk had comparable estimates. These
findings are consistent with prior studies linking polygenic
risk for ADHD with general psychopathology in children
(Brikell et al., 2020; Waszczuk et al., 2021), and provide
additional support for the validity and utility of a broad p
factor in developmental psychology and psychiatry research
(Caspi et al., 2014).

These findings integrate well within the existing body
of research. In their recent analysis of ABCD study data,
Cordova and colleagues (2022) found that children in the
top decile of polygenic load had a 63% increased chance of
having ADHD compared to the bottom half of the polygenic
load. Our results align with those reported by Cordova in
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that they highlight the considerable contribution made by
familial factors in the emergence of ADHD symptoms. Our
results help account for some of the unexplained variability
by highlighting the additional role of self-regulation skills
in accounting for ADHD problems. The utility of consider-
ing multiple interacting risk and protective factors across
time has been suggested by Cicchetti’s developmental psy-
chopathology framework (Cicchetti, 1984). It is, of course,
important to acknowledge that our sample included children
with and without a clinical diagnosis of ADHD;our depen-
dent variable was measured on a continuum to capture the
full range of possible symptoms. Of note, the CBCL consid-
ers 6 of the possible 18 symptoms; neither age of onset nor
functional impairment were considered.

Our results also align with those recently described by
Romer and Pizzagalli (2021). These authors likewise used
ABCD study data to examine whether executive dysfunc-
tion is a cause or consequence of general psychopathology.
Using residualized-change models with data from baseline
and 2-year follow-up, Romer and Pizzagalli found that exec-
utive functioning prospectively predicted p factor scores,
accounting for baseline psychopathology, sex, age, race/eth-
nicity, parent education, and family income. We found that
individual differences in self-regulation skills prospectively
predicted child ADHD problems. Taken together, our results
as well as those reported by Romer and Pizzagalli corrobo-
rate Barkley’s inhibition model of ADHD, which posits a
central role of behavioral inhibition and attention system in
the emergence of ADHD symptoms (Barkley, 1997).

Regarding specificity of the effortful control model, we
found partial support for our prediction. Whereas nega-
tive affect did not moderate the association between famil-
ial ADHD risk and ADHD problems, surgency emerged
as a significant moderator. However, further investigation
revealed that surgency constitutes only a risk, rather than a
protective, factor. Our results align with those reported by
Martel who used latent class profile analysis to divide young
children with ADHD into subgroups based on temperamen-
tal profile (Martel, 2016). Martel reports that children with
ADHD and high surgency not only showed deficits in core
executive functioning skills (such working memory), but
were also at elevated risk for comorbid psychiatric symp-
toms when compared to children in two other temperamen-
tal subgroups (Martel, 2016).

Our findings add to a growing literature suggesting
that effortful control may be a developmental precursor
to ADHD symptoms (Nigg et al., 2004). The diagnosis of
ADHD is made on the basis of behavioral symptoms, many
of which are developmentally appropriate in early child-
hood, thus impeding accurate diagnosis prior to school
age (Americal Psychiatric Association, 2013). In contrast,
effortful control can be measured early in development and

appears to lay the foundation for more advanced self-reg-
ulation skills, including executive functioning (Diamond,
2013). Thus, effortful control may be a key component to
precision medicine care for children at-risk for ADHD and
represents a promising target for prevention and early inter-
vention efforts. A growing body of literature supports the
notion that executive functioning skills can be strengthened
through targeted training (Diamond, 2013; Zelazo, 2020).
Child self-regulation skills could also be improved through
Parent Management Training (PMT; Helander et al., 2022).
Consistent with Belsky’s model of differential susceptibility
(Belsky, 1997), we could hypothesize from our results that
treatments that strengthen effortful control and executive
functioning early in life may have the potential to reduce,
or eventually protect against, the development of ADHD
symptoms. However, longitudinal studies starting in early
childhood are needed to test this hypothesis.

Results should be interpreted in the context of this
study’s limitations and strengths. Focusing first on limita-
tions, it is important to acknowledge the conceptual simi-
larities among effortful control, executive functioning, and
ADHD symptoms, and the possibility that these constructs
are overlapping in nature (please see Tiego et al., 2020
as an example of treating effortful control and executive
functioning as a single self-regulation construct). Second,
results are based on a community sample with low levels of
ADHD symptoms in children. Additionally, data reported
here were obtained through caregiver report, which may be
biased, especially in the presence of parental psychopathol-
ogy (Kroes et al., 2003). Although all study questionnaires
were selected due to their strong psychometric properties
(and were confirmed to have strong Cronbach alpha val-
ues in this sample), there is the potential for reporter bias
and common method variance, which could have affected
study results. It is also important to note that our measure
of executive functioning was based on caregiver reports of
the child’s everyday behaviors. Prior research has clearly
demonstrated that these types of measures are not well cor-
related with laboratory-based measures of executive func-
tioning (Toplak et al., 2013). It remains unclear to what
extent our results extend to cognitive functions measured
in the laboratory. Future research could include additional
measurement of child self-regulation, such as the Lab TAB
(Gagne et al., 2011) and the Delis-Kaplan Executive Func-
tion System (D-KEFS; Delis et al., 2001). Regarding the
predictor variable—familial liability for ADHD—we relied
on caregiver reported inattentive symptoms. Admittedly,
adult inattention symptoms could result from a myriad of
causes, including anxiety, insomnia, and trauma (Ameri-
can Psychiatric Association, 2013), suggesting that results
should be interpreted with at least some caution.
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Further, and in line with the developmental psycho-
pathology framework (Cicchetti, 1984), etiological
models for disorders of childhood need to consider
the dynamic interplay between various risk and pro-
tective factors. ADHD is a highly heterogenous clini-
cal diagnosis with a multifactorial etiology (Joel T.
Nigg, Margaret H. Sibley, Anita Thapar, & Sarah
L. Karalunas, 2020). Our models focused on famil-
ial liability and self-regulation (while accounting for
sex and socioeconomic status); other potential con-
tributory variables, such as cognitive ability, early life
adversity, or parenting behaviors, were not considered
in this investigation. In fact, Joseph and colleagues
recently highlighted the importance of temperament
and parenting as early predictors for ADHD (Joseph
et al., 2021). Relatedly, our models did not elucidate
the mechanism(s) by which genetic versus environ-
mental familial risks interplay with self-regulation to
contribute to ADHD symptoms and we were unable to
account for baseline ADHD problems.

Strengths of this study include the large and repre-
sentative sample, which allowed us to probe for small
effects and draw conclusions about the general pop-
ulation of children in the US. Further, we measured
individual traits and symptoms on a continuum (rather
than using dichotomous diagnostic criteria), which
aligns with the Research Domain Criteria (RDoC)
framework (Mittal & Wakschlag, 2017). Additionally,
although there are limitations to reliance on caregiver
questionnaires, these measures are low cost and easy
to administer, therefore increasing the potential feasi-
bility of applying this knowledge to clinical settings.
Future work should address these shortcomings by
considering additional variables as well as underly-
ing mechanisms. Cole and colleagues (Cole et al.,
2014), for example, called for research that expands
what is known about the control system, includ-
ing associated brain correlates. Our research group
recently used electroencephalography (EEG) methods
to examine cortical activity related to self-regulation.
We found that cognitive control mediated the associa-
tion between cortical activity and neurodevelopmen-
tal symptoms in a sample of 7-11 year-old children
(Peisch & Arnett, 2022). Integrating neurobiological
measures into moderation models represents a promis-
ing next step in this line of work. Future studies should
also examine whether the buffering role of effortful
control is unique to ADHD or whether (and to what
degree) it applies to other clinical disorders (such as
autism spectrum disorder and obsessive-compulsive
disorder). Relatedly, analyses should be replicated in
clinical samples—that is, in a sample of children with

@ Springer

a clinical diagnosis of ADHD. Lastly, genetic liabil-
ity for ADHD could be calculated through the use of
polygenic risk scores—a promising new approach that
reliably quantified genetic risk for ADHD (Ronald et
al., 2021).

In conclusion, our results expand what is known about
the interplay of familial liability for ADHD and child
self-regulation across time in a large and representa-
tive sample of children. We add to the growing body
of literature suggesting that two aspects of self-regu-
lation—effortful control and executive functioning—
may play a protective role for individuals at-risk for
ADHD.
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